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9ABSTRACT 
Background: A spinal cord injury (SCI) causes an enormous change in a person’s 
life. The physical and psychosocial adjustments post-injury are complex and 
extremely challenging, and there is a high risk of serious complications both in the 
acute phase and several years after the trauma. International literature shows that 
long-term survival in persons with traumatic SCI has increased significantly over 
the last 50-60 years. A marked improvement in the acute medical management as 
well as highly specialised SCI rehabilitation have contributed to changes in 
morbidity and mortality patterns in this group of patients.  
Information on mortality and causes of death in the Norwegian SCI population is 
scarce. In addition, more knowledge is required about outcomes in persons 
surviving more than 20 years after the injury.  
Objectives: To study persons with traumatic SCI admitted to Sunnaas 
Rehabilitation Hospital (SunRH) in 1961-1982 with focus on mortality, risk 
indicators for early death, and causes of death (paper I) and also long-term outcomes 
regarding health-related quality of life (HRQOL), health problems, employment, 
and life satisfaction (papers II-III). A further aim was to review and present data on 
employment in persons with SCI on the basis of international research (paper IV).  
Material and Methods: A cross-sectional survey, partly with retrospective data. All 
patients who survived the first year after a traumatic SCI and who were admitted to 
the SunRH in 1961-1982 (n = 387) were included.  
Paper I: Standard mortality ratios (SMRs) were estimated. SMR is the actual 
mortality in the observed population divided by the expected mortality in the general 
population occurring during the same time interval. Causes of death were obtained 
from Statistics Norway and compared with those in the normal population. Risk 
indicators of early death were calculated using a Cox proportional hazards 
regression model.  
Paper II: HRQOL was assessed with the Norwegian version of the Short Form 36 
Health Survey (SF-36). The results were compared with norm data. Differences in 
HRQOL between various subgroups were estimated.  
Paper III: A multiple logistic regression model was used to identify predictors for 
obtaining work after injury. In a Cox proportional hazards regression model, we 
estimated factors influencing early retirement. Life satisfaction, measured by the 
Life Satisfaction Scale (LiSat-11), was studied in relation to employment status.  
Paper IV: A systematic review of literature on return to work (RTW) issues in SCI 
samples was carried out.  
Results: By 31 December 2002, 142 (37 %) of the 387 persons with SCI had died. 
The most common causes of death were pulmonary diseases, cardiovascular 
diseases, and diseases in the urinary tract. SMRs were 1.8 in men and 4.9 in women, 
2.4 in tetraplegic men and 7.6 in tetraplegic women, 1.3 in paraplegic men and 3.3 
in paraplegic women. If the SMR exceeds 1.0, the mortality rate in the studied 
sample is larger than in the general population; an SMR of 2.0 indicates twice as 
many deaths as expected. Cause-specific SMRs were markedly elevated for 
urogenital diseases, suicide, pneumonia/influenza, cancer in the urinary tract, and 
diseases of the digestive system. Indicators for early death were: higher age at 
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injury, tetraplegia versus paraplegia, functionally complete SCI versus a less severe 
injury, pre-injury cardiovascular disease, pre-injury alcohol/substance abuse, and 
pre-injury psychiatric disorder.  
A total of 237 persons were asked for participation in the investigation on long-term 
consequences after SCI. The final study sample comprised 165 (135 men and 30 
women) persons, 30 % with functionally complete tetraplegia and 55 % with 
functionally complete paraplegia. The most common injury aetiologies were 
transport accidents (53 %) and falls (19 %). HRQOL was lower in the SCI sample 
than in the normal population, and most impaired in persons reporting health 
problems (79 %). The most often reported main health problems were: ‘pain’, 
‘urogenital problems’, ‘my disability’ and ‘musculoskeletal problems’. A total of 
107 (65 %) of the participants were employed at some time after the injury. The 
odds (odds ratios) of obtaining work post-injury were higher in persons of younger 
age at injury, in men, in paraplegic persons, and in persons with a less extensive 
SCI. Factors associated with a shorter interval from injury to termination of 
employment were higher age at injury, occurrence of injury after 1975 versus 
before, and pre-injury medical condition(s). Life satisfaction was better among 
people with current work.  
The review study showed that low employment rates in individuals with SCI are 
reported. The most successful RTW is seen in persons injured at a younger age, in 
less severely injured, and in persons with higher functional independence. It has 
been shown that, on average, the interval between injury onset and RTW is 
relatively long, and that employment rates improve with years after injury. 
Frequently reported barriers to work are problems with transportation, health and 
physical limitations, lack of work experience, lack of sufficient education or 
training, physical or architectural barriers, discrimination by employers, and loss of 
benefits. There is a tendency for persons with SCI to discontinue working at a young 
age. There are special challenges related to education and employment possibilities 
in SCI populations in less industrialized countries.                                                 
Conclusions: This investigation has shown higher mortality rates in the Norwegian 
study population compared to the general Norwegian population. Cause-specific 
SMRs were most markedly elevated for urogenital diseases, suicide, and 
pneumonia/influenza. Estimated risk indicators for death suggest possibly 
preventable causes, such as co-morbidity and alcohol/substance abuse. In this group 
of long-term survivors after SCI, HRQOL was decreased, especially in persons with 
health concerns such as pain. The proportion of persons employed after injury 
decreased from 65 % to 35 % with time. Employment after SCI has been linked by 
many authors to better psychosocial and medical adjustment. Different interventions 
to help people obtain and maintain employment after injury are important.  
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NORWEGIAN SUMMARY 
Bakgrunn: En ryggmargsskade (RMS) medfører en enorm omveltning i livet. Den 
fysiske og psykiske tilpasningen etter slik skade er spesielt kompleks og 
utfordrende. Det er stor risiko for alvorlige komplikasjoner i akuttfasen, men også 
mange år etter selve skaden. Internasjonal litteratur viser at langtidsoverlevelsen for 
personer med RMS har økt betydelig de siste 50-60 år. En stadig utvikling i 
akuttmedisinske metoder og spesialisert rehabilitering har bidratt til endrede 
sykelighets- og dødelighetsmønstre i denne populasjonen.  
Det er tidligere gjort lite kartlegging av dødelighet og dødsårsaker blant norske 
personer med RMS. Dessuten har vi for lite kunnskap om det å leve mer enn 20 år 
med slik skade. 
Hensikt: Å undersøke alle pasienter med traumatisk RMS innlagt i Sunnaas 
sykehus HF i perioden 1961-1982 med henblikk på: (artikkel I) overlevelse/ 
dødelighet, risikofaktorer for tidlig død, og dødsårsaker, og (artiklene II-III)
helserelatert livskvalitet, helseproblemer, arbeidssituasjonen og tilfredshet med livet 
blant personer som har levd mer enn 20 år med RMS. Et videre formål var å skrive 
en oversiktsartikkel (artikkel IV) basert på internasjonal litteratur om sysselsetting 
og arbeid blant personer med RMS.  
Materiale og metode: En tverrsnittsundersøkelse med retrospektive data. Alle 
pasienter som overlevde det første året etter en traumatisk RMS og som ble innlagt i 
Sunnaas sykehus HF i perioden 1961-1982 (n = 387), ble inkludert.  
Artikkel I: Såkalte Standard mortalitets rater (SMR: Dødelighet i en utvalgt 
populasjon versus forventet dødelighet i normalbefolkningen i samme tidsperiode) 
ble estimert. Dødsårsaker ble innhentet fra Statistisk Sentralbyrå og sammenliknet 
med de i normal populasjonen. Risikofaktorer for tidlig død ble beregnet ved hjelp 
av en Cox proporsjonal regresjons modell.  
Artikkel II: Helserelatert livskvalitet ble undersøkt ved hjelp av den norske 
versjonen av instrumentet Short Form-36 Health Survey (SF-36). Resultatene ble 
sammenliknet med normaldata, og vi så også på forskjeller i ulike undergrupper.  
Artikkel III: Multippel logistisk regresjon ble brukt til å identifisere prediktorer for å 
erverve/ikke erverve jobb etter skade. Ved hjelp av en Cox proporsjonal regresjons- 
modell beregnet vi faktorer med innflytelse på tid fra skade til tidspunktet man 
eventuelt sluttet å jobbe. Vi sammenliknet også selvrapportert “tilfredshet med 
livet” mellom personer som var i arbeid og de som ikke var i arbeid på studie-
tidspunktet. 
Artikkel IV: Systematiske søk og gjennomgang av internasjonal litteratur som 
omhandler personer med RMS og deres arbeidsliv.       
Resultater: Pr. 31.12.2002 var 142 (37 %) personer med RMS døde. De vanligste 
dødsårsaker var lungelidelser, hjerte/- karsykdom og sykdom i urinveier. 
Mortalitetsratene viste en overdødelighet blant personer med RMS sammenliknet 
med normalbefolkningen: SMR var 1.8 for menn og 4.9 for kvinner, 2.4 for menn 
med tetraplegi og 7.6 for kvinner med tetraplegi, 1.3 for menn med paraplegi og 3.3 
for kvinner med paraplegi. Dersom SMR overstiger 1.0 er dødeligheten i 
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studiepopulasjonen høyere enn i den generelle befolkningen; når SMR er 2.0 er 
dødeligheten dobbelt så stor som forventet. SMR var også betydelig økt for følgende 
dødsårsaker: urogenitale lidelser, selvmord, lungebetennelse/influensa, kreft i 
urinveier, og for sykdom i mage/-tarm systemet. Indikatorer for tidlig død var: høy 
alder på skadetidspunktet, tetraplegi, komplett RMS, hjerte/-karsykdom før RMS, 
alkohol/rusmisbruk før RMS, og psykiatrisk diagnose før RMS. 
I alt 237 personer ble forespurt om å delta i en kartleggingsstudie med fokus på 
langtidsfølger etter RMS. Totalt deltok 165 personer (135 menn og 30 kvinner); av 
disse hadde 30 % komplett tetraplegi og 55 % komplett paraplegi. De vanligste 
skadeårsaker var transportulykker (53 %) og fallulykker (19 %). Helserelatert 
livskvalitet var lavere i RMS-populasjonen enn i normalbefolkningen, og den var 
spesielt lav hos de med rapporterte helseplager (79 %). De vanligste helseplagene 
var “smerter”, “komplikasjoner relatert til urinveier”, “selve ryggmargsskaden”, og 
“muskel/-skjelett plager”. Totalt 107 personer (65 %) kom i jobb etter ulykken. 
Sjansen (odds ratio) for å komme tilbake i arbeid var større for yngre personer, for 
menn, for de med paraplegi, og for personer med mindre omfattende RMS. Faktorer 
forbundet med kort yrkesliv var høy alder ved skade, skadedato etter 1975, og 
sykdom før man pådro seg RMS. Tilfredshet med livet var best blant personer som 
fortsatt var i jobb på studietidspunktet.  
Oversiktsartikkelen viser at en høy andel av ryggmargsskadde ikke er i jobb. Det å 
komme i jobb etter skaden synes å være vanligst blant personer som er yngre på 
skadetidspunktet, de med mindre skadeomfang, og de med høyere grad av fysisk 
selvhjulpenhet. Det gjennomsnittlige tidsintervallet fra skade til jobb er relativt 
langt, og andel personer i jobb øker med tid (år) etter skade. Hyppig rapporterte 
barrierer som vanskeliggjør jobb er: problemer med transport, helse og fysiske 
begrensninger, manglende arbeidserfaring, mangel på tilstrekkelig opplæring eller 
arbeidstrening, fysiske eller arkitektoniske barrierer, diskriminering på arbeidsplass, 
og tap av ulike “goder”. En tendens er at personer med RMS slutter i arbeid i ung 
alder. Det er ulike utfordringer knyttet til sysselsetting i RMS populasjoner fra land 
til land, spesielt vanskelig i utviklingsland.  
Konklusjon: Undersøkelsen har vist overdødelighet i en norsk 
ryggmargsskadepopulasjon sammenliknet med normalbefolkningen, og også en 
spesiell høy forekomst av dødsårsaker relaterte til urinveier, selvmord, og 
lungebetennelse/influensa. Særlig viktige er funnene som indikerer potensielt 
forebyggbare faktorer (helse og rusproblematikk) for tidlig død. Studien viste at 
helserelatert livskvalitet var redusert blant personer som har levd mer enn 20 år med 
RMS, og særlig hos de som rapporterte helseplager som for eksempel smerte. 
Deltakerne anga en prosentvis nedgang i sysselsetting, fra 65 % til 35 %, over tid. 
Studier fra andre land viser at sysselsetting blant personer med RMS er forbundet 
med bedre psykososial og medisinsk tilpasning. Det er viktig med ulike tiltak for å 
bedre sysselsetting blant personer med RMS, og også for å hindre at de trekker seg 
tidlig ut av jobb. Det er ulike utfordringer knyttet til sysselsetting i RMS 
populasjoner fra land til land, og spesielt vanskelig i land med lavere velferd.  
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1. INTRODUCTION 
‘Disabled is not something that we are but that we become as a result of 
society’s lack of respect for diversity. Disability is not a characteristic of the 
individual, but an attitude and physical barriers that prevents people with 
impairments from participating on the same level as others in our society’(1). 
1.1. Background 
Sixty to seventy years ago the general prognosis for persons with spinal cord 
injury (SCI) was poor. The immediate survival after the injury was short, and 
the one year survival rates were low as a result of medical complications such 
as renal failure and pulmonary infections (2-8). However, in 1954 Donald 
Munroe pointed out that the outlook for these patients was becoming more 
optimistic, and he was particularly focused on the possibilities of making 
persons with SCI ambulatory and capable of working (9). He stressed the 
importance of an active social life, and stated that persons ‘with full self-care 
ability should be able and should be expected to go to work’. Since then, 
advances in emergency medical techniques, acute care and rehabilitation of 
SCI have resulted in considerably improved longevity in this group, and an 
increased interest in long-term outcomes on morbidity, mortality and quality 
of life (QOL) has developed. 
There has been marked progress in the conceptualisation of disability since 
the World Health Organisation (WHO) introduced an expanded definition of 
health in 1948, according to which ‘Health is a state of complete physical, 
mental and social well-being and not merely the absence of disease or 
infirmity’ (10). In 1980 the International Classification of Impairments, 
Disabilities and Handicaps (ICIDH) was published, and this suggested 
conceptual distinctions between three levels of disablement-affected 
performance. In 2001, a revision of the ICIDH was published as the 
International Classification of Functioning, Disability and Health (ICF) (11). 
Munroe, ahead of his time, called attention to rehabilitation goals that involve 
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participation activities (9). Some of the same ideas have subsequently formed 
the basis of the ICF. In its description of health, the ICF includes the aspect 
‘participation in activities’ (11;12).       
Enhancement of daily functioning, well-being, and participation are important 
goals in the treatment and rehabilitation of persons with SCI. In ICF, the term 
‘handicapped’ was replaced by the term ‘participation’, hence emphasising 
the personal involvement in a life situation. Participation refers more to the 
personal fulfilment of roles than to fulfilling roles deemed important by the 
society. The ICF also acknowledges the significance of contextual factors, 
specifically personal factors and environmental factors, which can have an 
impact on the individual and the individual’s state of health (Fig. 1). Further, 
according to the WHO, ‘A diagnosis alone does not predict service needs, 
length of hospitalization, level of care, or functional outcomes. Nor is the 
presence of a disease or disorder an accurate predictor of receipt of disability 
benefits, work performance, return to work potential, or likelihood of social 
integration’ (12). 
      Figure 1: 
International Classification of Functioning, Disability and Health (ICF) 
       
Body Functions and 
Structures
Health condition
(disorder or disease)
Activities
Personal    
Factors
Environmental
factors
Contextual Factors
Participation
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Rehabilitation after SCI is a lifelong process (13). It involves training the 
person with disability to achieve his maximum potential for normal living 
physically, psychologically, socially, and vocationally – a process that starts 
at the time of injury and continues for the remainder of the person’s life (13).      
In Norway today, persons with SCI are treated in one of three highly 
specialised ‘Spinal units’, located in three places in Norway (Haukeland 
University Hospital in Bergen, St. Olav University Hospital in Trondheim, 
and Oslo University Hospital/Sunnaas Rehabilitation Hospital (SunRH)). In 
comparisons with other Nordic countries, studies of the epidemiology of SCI 
including long-term outcomes on survival and challenges facing persons 
years after the injury have been limited in Norway. However, Gjone & 
Nordlie studied the incidence of traumatic SCI in 1974/1975 (14), and in 
1980 McAdam & Natvig published results from a 16-year follow-up of 
ambulation outcomes and vocational rehabilitation (15). More recently (in 
2001, 2005 and 2009), Hagen et al studied: 1) the causes and levels of SCI in 
persons admitted to the Haukeland University Hospital in Bergen (16); 2) 
elderly persons who sustained a traumatic SCI (17); 3) the incidence and the 
prevalence of SCI in Western Norway (18); and 4) mortality and causes of 
death after traumatic SCI in a geographical cohort (19).  
In Denmark, a number of studies on the epidemiology of SCI and long-term 
outcomes after such injuries have been conducted (20-27). Recently, Finnish 
investigators have presented incidence results of SCI based on national 
Finnish data, as well as prevalence data from Helsinki, and further results 
from studies on life situations, employment outcomes and health-related 
quality of life (HRQOL) in SCI patients (28-32). In Sweden, the situation of 
persons with SCI in the Stockholm area has been described in several reports 
(33-38), and among other studies from Sweden are more reports focusing on 
quality of life and on mental health in persons with SCI (39;40).                                             
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1.2. Traumatic spinal cord injury (SCI)  
Definitions of spinal cord injury  
An SCI affects conduction of sensory and motor signals across the site(s) of 
lesion(s), and thus represents impairment or loss of motor and/or sensory 
function secondary to damage of neural elements within the spinal canal (41). 
The results of an SCI depend on the level and the extent of the lesion (41). 
The consequences of a cervical SCI consist of impairment of function in all 
four extremities, the trunk and pelvic organs (tetraplegia). In persons with a 
lesion below the cervical segments, i.e. in the thoracic (Th), lumbar (L) or 
sacral (S) segments, the impaired function may affect the trunk, the lower 
extremities and the pelvic organs depending on the level of injury 
(paraplegia). Injuries involving the conus medullaris or the cauda equina are 
usually merged into the ‘paraplegia’ group (41).  
Classification of SCI 
In the 1970s, HL Frankel presented a system for classifying SCI (42). This 
system contained five categories, i.e. no function (A), sensory only (B), some 
sensory and motor preservation (C), useful motor function (D), and normal 
function (E) below injury level. In 1992 the Frankel classification was 
modified by the American Spinal Injury Association (ASIA), and the 
International Standards for Neurological Classification of Spinal Cord Injury 
was then introduced, i.e. the ASIA Impairment Scale (AIS); last revision in 
2003 (41). Briefly, the AIS system is as follows:  
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• AIS-A – Complete: No sensory or motor function is preserved in the 
sacral (S) segments S4-S5.  
• AIS-B – Incomplete: Sensory, but not motor function is preserved 
below the neurological level and includes the 
sacral segments S4-S5.  
• AIS-C – Incomplete: Motor function is preserved below the 
neurological level, and more than half of key 
muscles below the neurological level have a 
muscle grade less than 3 (Grades 0-2) (3 = 
Movement against gravity but not against 
resistance) 
• AIS-D – Incomplete: Motor function is preserved below the 
neurological level, and at least half of the key 
muscles below the neurological level have a 
muscle grade of 3 or more.   
• AIS-E – Normal: Sensory and motor functions are normal.                 
Sacral functioning implies physiological continuity of spinal cord long tract 
fibres with the sacral fibres located more at the periphery of the cord. The 
presence of sacral fibres is important when defining the completeness of the 
SCI and the potential for some motor recovery.  
The neurological level of injury is the most caudal level at which both motor 
and sensory levels are intact (41). The motor level is defined by the most 
caudal key muscles that have muscle strength grade 3 or above while the 
segment above is normal (41). The sensory level is defined as the most caudal 
dermatome with a normal sensory function (41).       
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Aetiology of SCI     
Depending on the cause of the SCI, the lesion is classified as either traumatic
or non-traumatic. Using the International Spinal Cord Injury Core Data Set 
(43), the aetiology is classified as follows: 1) sports and leisure activities,            
2) assaults, 3) transport activities, 4) falls, 5) other traumatic causes, 6) non-
traumatic causes, 9) unknown. An injury event might be classifiable into 
more than one of these categories, and a system of prioritisation for traumatic 
causes has therefore been developed: The first coding priority is given to 
sports, then to assaults, next transport and so on (43).      
Incidence and prevalence of SCI in Norway 
Gjone & Nordlie studied the incidence of SCI throughout Norway in 1974 
and 1975, and reported that 65 and 66 persons with traumatic SCI, including 
cauda equina lesions, were admitted to Norwegian hospitals during this two-
year period (14). In 2009, a 50-year follow-up study on the incidence of 
traumatic SCI estimated the crude prevalence rate of traumatic SCI in two 
Norwegian counties to be 36.5 per 100 000 inhabitants (18). The authors 
indicated a tendency of an increase in the incidence of traumatic SCI during 
the 50 year period. 
# 
In the present research much attention has been devoted to 
long-term outcomes after traumatic SCI, and especially to survival and 
causes of death, health-related quality of life, perceived health problems, 
work participation, and life satisfaction in the target group. 
The next sections are focused on background information on these topics, and 
are presented in the same order in which they appear in the papers. 
# 
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1.3. Selected long-term outcomes after traumatic SCI 
The literature provides increasing information on long-term outcomes after 
traumatic SCI. There is no doubt that medical advances and highly specialised 
care after SCI have contributed to changes in the morbidity patterns, 
longevity, and causes of death in the target group, particularly in the more 
wealthy part of the world (44). However, improvement of long-term 
outcomes is not solely dependent on advances in medicine, but may also 
result from new knowledge acquired from epidemiological research (45;46). 
Concerning research in the rehabilitation field, mortality as well as 
employment and quality of life are recognised as ‘strong endpoints’ (47).  
Survival, risk indicators of death, and causes of death in SCI 
Trends in survival after SCI 
According to international literature, persons with SCI have a diminished life 
expectancy compared with able-bodied persons (2;8;20;45;48). However, 
over the past decades, several studies have documented improved survival 
rates among persons who have sustained a spinal cord lesion (2;20;44;48-52). 
In Denmark, a significant decrease in the overall mortality was observed in 
the period 1972–1992 compared with 1953–1973, and the authors showed 
that the gap in survival probability between the normal population and the 
SCI sample was considerably diminished from the 1950s and 1960s to the 
1970s and 1980s. In 2007, DeVivo calculated that since 2002 the odds of 
dying during the first post-injury year were only 44 % as high as they were 
during 1973–1981 (44). It was also stated that in the case of a 20-year-old 
male who sustained a complete (AIS A) tetraplegia/C5 injury due to a motor 
vehicle crash and who was not ventilator-dependent, his life expectancy 
would be 33.8 years in 1976 and 36.9 years in 2006 on the first anniversary of 
injury. However, DeVivo concluded that while the first year mortality rates 
after SCI improved in subsequent years, the longer-term mortality rates 
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showed no improvement since 1982 (44). Krause et al also reported that the 
mortality within the first year post-injury seemed to decrease, but that the 
long–term survival rates appeared to have plateaued (46;49). In conclusion, 
longer-term improvements are less clear than those of the first year after SCI 
(52). 
Until recently, relatively little was known about survival after SCI in Norway. 
The newly published study on mortality in an unselected, geographically 
defined cohort of patients with traumatic SCI from Western Norway showed 
increased Standardised mortality ratios (SMRs), especially in women, in 
persons with complete lesions, and in persons with cervical level of injury 
(19). However, the SMRs showed no change over time.
Risk indicators of mortality in SCI 
Several authors have documented demographic, psychosocial and SCI-
specific risk indicators for death. There is substantial evidence that excess 
mortality is attributed to higher age at injury, neurological level and 
completeness of the lesion (2;8;20;48;51;53-55). Concerning gender, the 
picture has been somewhat mixed, but most studies have shown higher 
mortality in men than in women (2;49). Employment status has also been 
related to mortality (56). Additionally, recent studies have found that much of 
the excess mortality in chronic SCI is related to potentially treatable factors 
such as cardiovascular diseases (CVD), diabetes, and lung diseases, as well as 
smoking and other behavioural risk factors (45;46)..In 2009 a study also 
identified psychological risk factors in relation to mortality after SCI (57). 
Krause & Carter stated that ‘health and secondary condition variables most 
directly contribute to mortality and are themselves predicted by health 
behaviours, which are in turn predicted by psychological and environmental 
factors’ (57). Studies of risk indicators of mortality are necessary to improve 
the overall health and longevity of people with SCI. Since long-term mortality 
rates seem to have shown little improvement in the past two decades, it is 
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considered more important than ever to understand the broad range of factors 
that contribute to early death after SCI (58). 
Causes of death in SCI  
International studies have proven that changes in causes of death patterns in 
SCI populations have taken place over time (6;8;59). In Denmark, for 
example, a decrease in SMRs for most causes of death was found when 
comparing two periods (20). From other studies, it seems as if the cause-
specific mortality rates attributable to urinary tract complications have 
diminished (8;49;60;61), and that heart disease and respiratory complications 
have become the leading causes of deaths in SCI populations in recent years 
(8;20;45;49;59). The focus on management of bladder functioning and also 
better medications for all kinds of infectious diseases have contributed most 
importantly to the improved survival rates and the decrease in deaths from 
urinary tract complications. Nevertheless, another concern is that the rates of 
suicide seem to have risen (20;61;62).  
Although the literature provides a fair amount of information on causes of 
death after SCI, acquisition of more knowledge will help to guide decisions in 
medical management and lead to appropriate preventive strategies. 
In most countries the ‘underlying cause of death’ forms a basis for the official 
cause of death statistics. DeVivo et al passed criticism on the procedures in 
cause of death determination and reporting, on basis of a high number of 
deaths in persons with SCI attributed to unspecified cardiac arrests and ill-
defined conditions. The authors underlined that to attribute cause of death on 
death certificates to ‘spinal cord injury’ or to the original event that caused 
the injury without identifying the secondary complications that actually 
caused death, is not useful (59).  
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Health-related quality of life  
Measures of quality of life have increasingly become a key concept in 
research and clinical services (63). QOL has been defined as a multi-
dimensional construct that includes physical functioning, functional ability, 
emotional functioning, and satisfaction with life (64). The WHO Quality of 
Life assessment group (WHOQOL) defines QOL as ‘The individual’s 
perception of their position in life in the context of the culture and value 
system in which they live and in relation to goals, expectations, standards and 
concerns’ (65). Various approaches to quantification of QOL have been 
developed, depending on whether the focus is meant to be HRQOL, well-
being, or QOL as a superordinate construct (66-68).
HRQOL can be distinguished from QOL in that it primarily concerns those 
factors that fall under the purview of health care providers and health care 
systems (69). There is no agreement on one single definition of HRQOL (70), 
but general measurements of HRQOL focus on the individual’s satisfaction or 
happiness with domains in life that are affected by health or health care. 
HRQOL is a dynamic phenomenon, influenced by changes in an individual’s 
life and in the society and the world at large, including changes in 
achievements, statuses, and the environment (66).  
In the last two decades there has been a large increase in the number of 
studies that assess HRQOL among persons with SCI. Studies of persons with 
SCI in Canada, USA, Sweden and Australia have shown significant 
reductions in HRQOL compared to general populations (36;40;71-73). The 
largest difference has been found in physical functioning (PF), whereas scores 
on mental health (MH) and social functioning (SF) have diverged less from 
general population scores (40;73). Previous studies have also shown that 
older age, unemployment, hospitalisation during the last year, and various 
medical complications such as pain, spasticity, and incontinence seem to have 
more negative effects on HRQOL than the level and extent of SCI as such 
(36;71).  
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Quality of life is a fundamental issue for persons with SCI; for some patients, 
living longer may not necessarily mean living better. It has been underlined 
that the question of HRQOL in persons with SCI needs to be addressed in 
different countries, and that factors that might influence HRQOL should 
receive greater attention (72;74).  
‘Health problems’ in persons with chronic SCI 
Persons with spinal cord lesions are confronted with various problems related 
to associated conditions or to secondary conditions, even many years post-
injury (8;27;32-34;75-83). These conditions may interfere with their physical, 
mental and/or social well-being, and often lead to rehospitalisations (84;85). 
An associated condition is seen as part of the primary pathology, such as 
neurogenic bowel and bladder function, and spasticity (81). Secondary 
conditions are preventable and occur at higher rates among persons with SCI 
than in the general population. Spinal cord injured persons are at risk of 
developing secondary conditions, such as pressure ulcers or musculoskeletal 
pain due to upper-extremity overuse (80;81;83;86). With progression, 
secondary conditions can increase the severity of the disability, decrease the 
quality of life and cause unemployment. Further, it is important to remember 
that some of these conditions may become serious and even lead to death 
(84;87). 
Concerning pressure sores, these are described in many reports as the most 
frequent complications, and there has been a trend towards an increasing 
number of people developing sores with increasing time post-injury 
(8;76;83;88). Urinary tract infections are still a frequently reported health 
problem in persons with SCI (8;76-78;84). The prevalence of pain is also 
high, and pain has been described as the most disabling condition, both for 
daily and social activities (34;76;80). In addition to the physical problems in 
SCI exemplified above, difficulties in daily living and psychosocial problems 
usually affect the health status.  
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‘Health’ is a multidimensional construct including physical, mental, and 
social aspects, which together are commonly referred to as the ‘Health 
Triangle’. Persons with physical disabilities are as able to be healthy as able-
bodied persons (13). ‘Perceived health status’ or health perceptions are 
subjective ratings by the individual in question regarding his health status. 
Some people perceive themselves as healthy even when suffering from one or 
more chronic diseases, while others perceive themselves as ill when no 
objective evidence of disease can be found (69). 
Research is needed to improve prevention and treatment strategies of 
common secondary conditions and symptoms and to evaluate the need for 
health care programs/service planning. 
Employment 
The involvement in activities seems to be strongly related to health and well 
being (89). One of the most important ‘participation activities’ in adults is the 
involvement in productive work (90). Most societies expect people to work, 
and being employed is deemed to be a key indicator to community integration 
in the Western society. New incidents of traumatic SCI often befall young 
adults, and improvement of the employment situation after injury is therefore 
of particular importance (13).  
Work after SCI has received much attention because of the psychological, 
social, financial, and political implications (37;91;92). Despite evidence that 
return to work (RTW) is associated with a better quality of life, higher grade 
of participation, and increased physical and psychological well-being (93-95), 
research has consistently revealed low employment rates after injury, a 
number of barriers to work in people with disabilities, and a tendency for 
people with SCI to have reduced working lives (96;97). Nevertheless, it has 
been shown that longer duration of the SCI is associated with higher 
employment rates (98-102). 
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To study and compare employment outcomes in SCI require a careful 
approach, especially to the definition of the term ‘employed’ (103). Different 
national (un)employment situations and policies also need to be considered. 
The prerequisites for obtaining work differ internationally and are influenced 
by the social policies of each country, including disability compensation 
systems, as well as by the level of unemployment (104). For an elaboration of 
these aspects, see the discussion section of paper III.  
In the 1960s and 1970s, McAdam & Natvig studied vocational rehabilitation 
in Norwegian persons with complete paraplegia (15). The authors reported 
that 59 % were working for their ‘living’. They underlined the difficulty in 
comparing results with others, as populations vary in respect to demographic 
characteristics as well as to level and type of SCI. The influence of medical 
problems on the outcomes regarding vocational rehabilitation was also 
commented on. In Sweden, the results from the Stockholm Spinal Cord Injury 
Study (1996) showed that less than half of the participants were gainfully 
employed (37), and it was also reported on a relative lack of financial reserves 
in this population. Approximately the same employment rate was found in the 
area of Gothenburg in 2006 (105). 
Life satisfaction 
‘Life satisfaction’ is a measure of an individual’s perceived level of well-
being and happiness; a subjective component of QOL (66). The cognitive 
subjective process by which an individual evaluates his overall satisfaction 
with his current life status in comparison with self-defined expectations of 
how he would like his life to be, is among the descriptions of the term ‘life 
satisfaction’ (106). A definition of ‘satisfaction with life as a whole’ was 
introduced by Fugl-Meyer et al, i.e. a person’s experience of life satisfaction 
reflects the extent to which the person achieves his vital goals (107). 
The multiplicity of changes in a person’s physical being, self-esteem and life 
circumstances after SCI would be expected to influence his life satisfaction. 
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Although the results of different studies are not fully consistent, there are 
indications that life satisfaction appears to improve with age and duration of 
injury (88;108). Putzke et al concluded from their study that the level of life 
satisfaction during the first year of injury remained largely the same over the 
subsequent four years (109). However, Charlifue et al documented that life 
satisfaction improved with years post-injury (88). Another study indicated 
that persons with a higher education, a longer time since the injury, and who 
were currently employed, tended to report markedly higher life satisfaction 
(93). Among factors that have been associated with lower overall life 
satisfaction are unemployment, pain or/and having a poor perceived health, 
decreased mobility, and social integration (95;110). Krause & Broderic 
studied effects of ageing among persons with SCI over a 25-year period, and 
concluded that there were differences in the way the participants’ lives 
changed over time, with both improvements and deteriorations (100). They 
showed that employment outcomes improved, as well as self-rated 
adjustment, but that satisfaction with social life, sex life and health 
diminished. With time, most people with SCI seem to ‘adjust’ to their new 
body and the lifestyle it imposes (36). The effect of response shift (adaptation 
or habituation) probably influences the perception of burden and coping 
perspectives. Through the years after the injury, most people with SCI face 
additional challenges that require new adaptations and coping. Enhancement 
of daily functioning and well-being are important goals in the lifelong 
treatment of persons with SCI. 
1.4. Review of literature 
Previous review studies of ‘employment’ in the SCI field reported that RTW 
rates ranged from 13 % to 48 % (Trieschmann, 1988) (13), and from 11 % to 
69 % 1976-1992 (Athanasou et al, 1995; an original study with review data 
presented in the article) (111). Yasuda et al (2002) reviewed recent literature 
on RTW in persons with SCI, and concluded that ‘successful RTW following 
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SCI is a complex interplay of injury severity, social and demographic issues, 
work conditions, and individual skills and motivation’ (112). In 2009, Young 
& Murphy studied the literature on employment status after SCI carried out 
during the years 1992-2005 (103). On basis of their review it was concluded 
that approximately 40 % of working age people more than one year post-
injury are employed at the time of data collection, with rates peaking at 10-12 
years post-injury.  
 ‘Healthcare providers, consumers, researchers, and policy makers are 
inundated with unmanageable amounts of information, including evidence 
from healthcare research’ (113). The growing literature on rehabilitation 
makes reviews indispensable. Reviews play a crucial role in summarising and 
synthesising the knowledge base (114). Three different approaches to the 
review of literature are: meta-analyses, systematic reviews, and narrative 
reviews.    
A meta-analysis is a statistical technique for amalgamating, summarising and 
reviewing quantitative research. It combines the results of several studies that 
address a set of related research hypotheses. Selected parts of the results from 
the studies included are entered into a database and then ‘meta-analysed’. A 
meta-analysis can be considered to be original statistical research. Findings 
from a meta-analysis are reported in terms of effect-sizes (ESs). 
Narrative reviews generally are comprehensive and cover a wide range of 
issues within a given topic. Typical narrative reviews do not reveal how the 
decisions were made about the relevance or the validity of the studies 
included (115). 
A systematic review is a review article based on findings in original research 
studies on a specific topic. Articles that are selected and included in a review 
paper should be critically evaluated and interpreted. A systematic review 
involves balanced assessment of original research studies. 
When preparing and planning a systematic review, it is of great value to 
follow steps recommended on ‘how to write a systematic review’ (113;116).    
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2. AIMS OF THE STUDY                  
The purposes of this doctoral research were: 
1. To study the survival, mortality, risk indicators and causes of death in 
persons who survived at least one year after having sustained a 
traumatic SCI in the years 1961-1982.  
2. To study persons who had sustained a traumatic SCI more than 20 
years previously in order to evaluate their current HRQOL and 
perceived health problems, to identify factors influencing their 
employment situation, and to assess their life satisfaction.  
3. To review employment data concerning persons with SCI in different 
countries.  
The aim of the study was to collect the information mentioned above with 
the aim of increasing our knowledge and elucidating challenges 
concerning the situation in persons with long-standing SCI in Norway. 
The data and the results summarised in this thesis are mainly of a 
descriptive character.  
The specific research questions were as follows:  
• What are the long-term mortality rates in a Norwegian sample of 
persons with traumatic SCI, and what are their most frequent causes of 
death? (Study I, paper I) 
• To what degree do the mortality rates and the causes of death among 
persons with traumatic SCI differ from those in the general population 
in Norway? (Study I, paper I) 
• What factors are indicating a higher risk of early mortality in persons 
with traumatic SCI? (Study I, paper I) 
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• What are the levels of HRQOL in persons with long-standing SCI? To 
what extent does their HRQOL differ from that in the general 
Norwegian population? (Study II, paper II) 
• What are the most common health concerns among Norwegian persons 
who sustained a traumatic SCI more than 20 years ago?                        
(Study II, paper II)  
• To what extent do persons with SCI obtain and maintain work post-
injury in Norway? What factors influence return to work and early 
retirement after SCI? (Study III, paper III) 
• What are the levels of life satisfaction in the study population, and is 
there a difference in this respect between employed and unemployed 
persons? (Study III, paper III) 
• What are the RTW rates and what are the employment situations after 
traumatic SCI in different countries? (Study IV, paper IV) 
• What factors have been found to affect RTW positively and what 
factors have been found to influence RTW negatively?                          
(Study IV, paper IV) 
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3. METHODOLOGY 
3.1.  Study design  
• Studies I-III were observational. They were based on investigation of 
persons who sustained SCI 1961-1982. Study I had a cross-sectional 
design, exploring mortality rates, survival times and causes of death data 
up to a certain date, namely 31 December 2002. Retrospective data were 
also included. Studies II and III also had a cross-sectional design, as all 
participants were investigated at one point in time after injury. Some 
retrospective data were used in these studies.   
• The review (study IV) was based on a systematic survey of research on 
employment in persons with SCI, covering the time period 2000-2006. 
3.2.  Study population and controls 
Study population  
All persons (n = 396) who sustained a traumatic SCI and were admitted for 
rehabilitation at SunRH between 1961 and 1982, were considered for 
inclusion in studies I-III (Fig. 2). Thus, in all persons enrolled at least 20 
years had elapsed since the injury when the studies were performed. Excluded 
were: 1) four patients who had died within the first year after the injury,        
2) one patient who was omitted because of lack of data, and 3) four patients 
who could not be identified. The remaining 387 persons (321 men and 66 
women) were initially included in the study material. 
General population controls 
For the study on mortality (study I), we obtained vital data for the general 
population, as well as the underlying causes of death in Norwegian men and 
women through the years 1961-2002 inclusive (Statistics Norway). For the 
study on HRQOL (study II), we obtained SF-36 norm data for 5,152 
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Figure 2. Overview of the inclusion process 
Studies II and III
Study I
Final participants in  
the project: n = 165
Agreed:
n = 179
Withdrawals and deaths
before participation: n = 14
Second dispatch of
Invitation:
n = 90
Secondary respondents          
Agreed participation: n = 34
Refused participation, or 
did not respond: n = 56 
First invitation to 
participate:
n = 237
Primary respondents: n = 147                            
Agreed to participate: n = 145
Refused participation: n = 2 
Deceased: n = 142
Emigrated: n = 8
Included:
n = 387
1)  Died during the first year 
post-injury: n = 4 
2) Lack of vital data in the                             
medical record: n = 1
3) Persons not identifiable: n = 4
Spinal cord injured persons
1961-82
n = 396
Exclusion
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persons from the Norwegian Survey Archive, Norwegian Social Science Data 
Services (117). Information on employment in the general population in 2004 
was collected from Statistics Norway (study III). 
3.3. Data collection 
Medical records were reviewed with the aim of finding all patients who met 
the inclusion criteria, which were: 1) traumatic SCI; 2) survival at least one 
year post-injury; and 3) rehabilitation at SunRH 1961–1982. Demographic 
and injury-related data were then extracted from the medical records            
(Table I). Information on vital (mortality) status and dates of death were 
collected from the Central Population Register of Norway, as also were the 
postal addresses of persons still alive. Dates of death up to 31 December 2002 
were derived. The vital status of eight persons who had emigrated from 
Norway could not be determined, and these persons were therefore censored 
at their last known date alive (118). 
Deceased persons  
For each deceased study person with SCI, both the ‘underlying cause of 
death’ and the ‘immediate cause of death’ were collected from the Cause of 
Death Register and from death certificates, respectively. ICD-9 was used to 
classify diseases causing death, and deaths classified according to ICD-7, 
ICD-8 and ICD-10 editions were translated to ICD-9.
The underlying cause of death is the cause that is usually applied in 
international cause of death statistics (i.e. listed in the Cause of Death 
Register) (119-121). The underlying cause of death forms a basis for the 
official statistics. When coding the underlying cause of death according to the 
ICD (WHO) guidelines, certain criteria have to be fulfilled (121;122). One 
criterion is that more prominence is placed on the external cause of the injury-
producing event, i.e. in many cases the injuries that caused the SCIs, than to 
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the immediate causes of death (48;59;121). In other words: the injury that 
caused the SCI many years before death occurred, was registered in the Cause 
of Death Register as the underlying cause of death in many cases (59). For 
this reason, we recoded in cases where the injury-producing event was listed 
as the underlying cause of death. In these situations, we extracted information 
from death certificates and used the next cause listed. However, in cases 
where an accident occurred subsequent to the SCI, the underlying cause of 
death remained coded as ‘Unintentional injury’. 
Long-term survivors   
Two hundred and thirty-seven persons were contacted by postal mail, with a 
reminder if necessary, to recruit them for participation in the study. For those 
who agreed to participate, data collection took place as follows: A set of 
questionnaires for self-administration was mailed, together with a stamped 
return envelope and an appointment for a personal interview. A face-to-face 
interview and a clinical examination were then undertaken. Four persons were 
only interviewed by telephone. Another 21 persons were interviewed and 
examined in their respective homes. All interviews and examinations were 
conducted by the same person.  
Non-respondents 
In this doctoral investigation the term ‘non-respondents’ is used to cover all 
persons who either declined participation or did not respond to our enquiry.  
A study of the non-respondents was desired, in order to disclose any 
demographic (gender, age), injury-related (injury aetiology, level and extent 
of SCI) or pre-injury morbidity deviations from the participants. A further 
aim was to gather some information on the current health and employment 
status by a postal questionnaire. The existing Norwegian regulations, intended 
to protect the privacy of the individual, demand consent of each individual, 
both respondents and non-respondents, to use of any data from their medical 
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record (see also page 47). Hence, such a request was mailed to all non-
respondents (n = 58) along with a brief questionnaire regarding their current 
health and employment status. From 35 of the 58 persons, a positive answer 
was received.  
3.4. Variables and questionnaires used in the survey 
In the next subsections, descriptions of relevant variables and specific 
instruments used will be presented. Table I lists the variables used in studies 
I-III. 
Demographic and diagnostic items 
The variables are listed in Table I. However, there is a need for some 
elaborations. For some of the analytical purposes we grouped variables into 
fewer categories, as follows:  
Demographic variables
1) Age at injury was dichotomised into 21 versus <21 years in study III.  
2) Time since injury was divided into 27 versus <27 years in study III. 
3) Marital status was dichotomised into married/cohabitant versus single. 
4) Occupational class was determined according to a modified version of the 
Erikson Goldthorpe Portocarero (EGP) social class scheme (123;124); this 
modified version includes ten categories. Retired persons were classified 
according to their former occupation. Persons of ages <16 years were 
registered as ‘under aged’ in analyses that included occupational class. 
5) Employment status was categorised into ‘employed’ (paid work) and ‘not 
employed’ (students, unemployed, homemakers). Persons of ages <16 years 
at injury were recorded as ‘under-aged’ concerning employment status.  
6) Region of residence at the time of injury was categorised into five groups 
(study I), and region of residence at the time of the survey was categorised 
into two groups: ‘living in central eastern Norway (including Oslo)’ versus 
‘other region of residence’ (studies II and III).  
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Table I. Overview of variables and questionnaires used in studies I-III
Variables Study I Study II Study III 
Socio-demographic variables 
* Age at injury                                               X X X 
* Age at time of survey  X X 
* Date of death if deceased (or censor) X   
* Date of injury (and time since injury) X X X 
* Gender X X X 
* Vital status (alive/deceased) X   
* Marital status at injury X  X 
Marital status at time of survey  X  
* Living alone at injury: yes/no X   
* Occupational class at injury X  X 
* Employed/not employed at injury   X 
† Employed/not employed at time of survey  X X 
* Region of residence at time of injury X   
Region of residence at time of survey  X X 
Specific SCI characteristics 
* Injury aetiology (5 categories) X X X 
* Tetraplegia/paraplegia  X X X 
Impairment group (4 categories)  X X 
* Frankel scores (A-C or D-E) X (X) X 
AIS scores (A-C or D-E)  X  
Selected variables possibly influencing rehabilitation  
* Associated injuries  X  X 
* Pre-injury medical conditions or traumas X  X 
* Pre-injury alcohol or substance abuse X  X 
* Complications during initial rehabilitation X  X 
* Time period of injury: 1961-1975 or 1976-1982  X X X 
* Working accident X   
Other 
* Duration of rehabilitation (date of admission  
and discharge) X 
  
X 
Data from Statistics Norway; Questionnaires
         Cause of death (ICD-9) X   
LiSat-11   X 
SF-36  X  
         Self-reported main health problems   X X 
Questionnaire on employment (present 
employment status, work at anytime post-injury, 
time/age of possible retirement, work intensity)  
  
X X 
Non-respondents questionnaire (n  = 35)  X X 
* Data collected from the medical records. 
† Collected from the questionnaire on employment. 
AIS: ASIA Impairment Scale. DP: Disability pension.
LiSat-ll: Life Satisfaction Scale-11. SMR: Standardised mortality ratios. 
(x): Frankel scores used for comparison with non-respondents only.   
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Specific SCI characteristics 
1) Injury aetiologies were grouped according to the International Spinal Cord 
Injury Core Data Set (see page 22). The categories ‘others’ and ‘unknown’ 
were put together because of few cases in each group (studies II and III). 
2) Neurological levels of injury: tetraplegia and paraplegia (see page 20). 
3) Frankel scores were merged into two groups: Frankel A-C and D-E to 
reflect functionally complete SCI and functionally incomplete SCI, 
respectively (see page 20).  
4) AIS classes were merged into two groups: AIS A-C and D-E to reflect 
functionally complete SCI and functionally incomplete SCI, respectively.  
5) Four impairment groups: tetraplegia AIS A-C, tetraplegia AIS D-E, 
paraplegia AIS A-C and paraplegia AIS D-E. 
Selected variables possibly influencing rehabilitation 
1) Associated injuries caused by the accident were merged into       
 ‘present’/‘absent’. 
2) Pre-injury medical conditions were categorised into groups referring to the 
most frequent diagnoses (‘respiratory disease’; ‘CVD’; ‘psychiatric 
diagnosis’, ‘other’) in study I, and as ‘present’/‘absent’ in study III. 
3) Occurrence of pre-injury alcohol or substance abuse: ‘present’/‘absent’. 
4) Secondary medical complications during rehabilitation: ‘present’/‘absent’ 
5) The participants were dichotomised into two incidence groups according to 
the time of injury, 1961-1975 and 1976-1982. 
Short Form 36 (SF-36) 
The 36-Item Short-Form Health Status Survey (SF-36) of the Medical 
Outcomes Study (MOS) is the most widely used generic HRQOL outcome 
measure (64;125-127). The SF-36 has been shown to be valid and reliable 
(126;128;129), and has been translated into many languages, including 
Norwegian (130). Normative values for this self-report health questionnaire 
have been published for the Norwegian population (131). Therefore, in this 
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study HRQOL was assessed using the Norwegian SF-36 (version 1.2, 
chronic). In 2002 the SCI Consensus Group suggested the use of SF-36 to 
measure HRQOL in chronic SCI (70).  
The SF-36 contains one multi-item scale that assesses eight health concepts: 
ten questions concerning limitation of physical functioning because of health 
problems (PF); four questions concerning limitation in usual activities 
because of physical health problems (RP); two questions on bodily pain (BP); 
five questions concerning general health perception (GH); four questions on 
vitality (energy and fatigue) (VT); two questions concerning limitation of 
social functioning because of physical or emotional problems (SF); three 
questions on limitation in usual activities because of emotional problems 
(RE); five questions concerning general mental health (psychological distress 
and well-being) (MH); and also one single-item measure of health transition. 
First, the raw scores were coded and recalibrated, and then the questions were 
summed and converted to eight scales (132). The scores range from 0-100 
where higher scores indicate a better health status. The scales PF, RP BP and 
GH mainly measure physical components, while VT, MH, RE and SF 
measure mental health. The eight domains are often merged into two 
summary scales, the physical component score (PCS) and the mental 
component score (MCS). The summary scales were not carried out in this 
study.  
Life satisfaction Scale 11 (LiSat-11) 
Life satisfaction was assessed by the LiSat-11 containing 11 items: one 
question on satisfaction with life as a whole and ten questions on satisfaction 
within different life domains (107;133). The level of life satisfaction was 
described through a 6-grade scale ranked from 1 (very dissatisfying) to 6 
(very satisfying). The LiSat-11 scale was dichotomised into satisfied (grades 
5-6) and not satisfied (grades 1-4) as recommended by Fugl-Meyer et al 
(133;134). The LiSat-11 has shown satisfactory validity and reliability levels 
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(107). It has been used in SCI samples previously (135;136), and after 
reflection by the SCI Consensus Group, it was proposed that the LiSat-11 
should be used to assess subjective quality of life in persons with SCI (64).  
Questionnaire on employment situation     
Long-term survivors who attended the study answered a checklist on their 
employment situation. The questionnaire was previously used at SunRH in a 
study of persons with multiple traumas (137). It contains six questions on 
both the pre-injury and the present occupational situation, two questions 
concerning changes in employment after SCI, two questions on disability 
benefits, and one question concerning the possible degree of current disability 
pension. In addition, we supplied with a question on time (year/age) of 
termination of work, and also a question on whether work was obtained at 
anytime after the injury. The questionnaire was answered twice by fourteen  
(9 %) respondents to allow on the reproducibility of the questionnaire to be 
checked.  
Employment status was dichotomised into ‘employed’ and ‘not employed’. 
Work intensity was dichotomised into ‘full-time’ or ‘part-time’. Ever having 
worked since injury was categorised into ‘yes’ or ’no’.  
Perceived health problems  
We recorded health problems in a non-standard way by using an open-ended 
question on perceived main health problem(s); i.e. ‘what would you say is 
your main health problem today’. In the event of more than one health 
problem, the participants were asked to list their problems as follows: main 
health problem, second worst problem, and so on. For analytical purposes, the 
perceived health problems were categorised into six groups, according to the 
frequency with which they were reported. The most often reported main 
health problems were: ‘pain’, ‘urogenital problems’, ‘my disability’, 
‘musculoskeletal problems’, and ‘other’. Additionally, several persons 
 44
reported to have ‘no health problem’. The subgroups ‘one health concern’ and 
‘more health concerns’ were also established. 
In paper II, the distributions of the perceived main health problems were 
presented, but data on the second or third worst health problems were not 
included. In paper III, the presented proportions on the three most frequently 
reported perceived health problems (‘pain’, ‘urogenital problems’, ‘my 
disability’) were thus somewhat higher than listed in paper II. 
3.5. Statistical analyses, studies I-III 
The algorithms in Statistical Packages for the Social Sciences (SPSS) 
versions 11.5 - 13.0 were used in most calculations. However, to the Cox 
proportional hazards regression analyses in study III, we used the R statistic 
software (http://www.r-project.org).  
Throughout the present studies, the level of statistical significance was set at 
p  0.05. 
Descriptive statistics included: proportions, medians, ranges, means, and 
standard deviations (SD), and were used to characterise the study sample(s). 
Groups were compared with the independent t-test or the Mann-Whitney test 
for continuous data, and the Chi squared test or Fisher`s exact test for 
categorical outcome variables.  
Standardised mortality ratios were computed for gender, tetraplegia/ 
paraplegia and two incidence periods (1961-1975 and 1976-1982). In 
addition, SMRs for selected causes of death were calculated. The expected 
numbers of deaths were estimated using age-gender-specific rates for the 
selected diagnoses. 
To explore risk indicators for death, a Cox proportional hazards regression 
model (forward selection procedure) was used. Kaplan-Meier curves were 
applied: 1) to visualise survival by age at death or censoring of the SCI 
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population compared with the general population, and 2) to illustrate the 
length of time from injury until death or censoring in two incidence periods. 
A Log-rank test was carried out to compare survival between the two periods. 
Health-related quality of life data were presented with means and SDs. 
Deviations in HRQOL from age- and gender-adjusted norm data were 
analysed with one sample t-tests (138). Differences in HRQOL between 
subgroups within the SCI population were analysed with independent sample 
t-tests. In addition we calculated effect sizes (139). The levels of ES were 
interpreted as small (i.e. 0.20), medium (i.e. 0.50), or large (i.e. 0.80) (140). 
Multiple logistic regression (forward selection procedure) was used to 
identify predictors for obtaining work post-injury (141). A Kaplan-Meier plot 
was used to illustrate the time that had elapsed from injury to discontinuation 
of employment in different age groups (age at injury) in persons who obtained 
post-injury work. Cox proportional hazards regression analyses were used to 
study factors influencing early withdrawal from work, i.e. time from injury to 
discontinuation of employment in persons who obtained post-injury work. 
Several multiple Cox regression models and Akaike’s Information Criterion 
(AIC) values were considered to select the final model (142).  
Both non-parametric and parametric tests were carried out to analyse 
differences in levels of life satisfaction (all 11 items) between currently 
employed and unemployed persons. 
3.6. Review of employment literature 
A review of the literature on RTW and other employment issues in SCI 
samples in different countries was carried out. The aim of this study was to 
present recent (2000-2006) results on RTW outcomes and employment in 
persons with SCI. The search strategies were as follows: The keywords 
‘spinal cord injuries’, ‘spinal cord disorder’, ‘spinal cord lesion’, or ‘spinal 
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cord disease’ were each cross-indexed with ‘employment’, ‘return to work’, 
‘occupation’, or ‘vocational’. We limited our selection of publications to full-
length articles in English from the years 2000-2006. Since even the best 
databases are incomplete, searches were made in seven different databases: 
PubMed/Medline, AMED (Allied and Complementary Medicine), (ISI) Web 
of Science, EMBASE, CINAHL, PsycInfo, and Sociological abstracts. 
The search strategy resulted in 1,521 references which were checked for 
duplications and were also controlled/scanned to meet the above-mentioned 
criteria (topic, publication years, language, full-length articles). After this 
selection, approximately 270 articles were checked more thoroughly for 
possible suitability for inclusion in the review. A total of 110 references met 
the inclusion criteria. Another two references were found elsewhere. In 
addition, a few references were collected for background information. Most 
of the papers were of US origin; very few references derived from less 
industrialized countries.  
3.7. Ethical aspects 
The study protocol was approved by the Regional Committee for Medical and 
Health Research Ethics, Oslo, Norway. Additionally, supporting documents 
were submitted twice: 1) concerning minor changes to the protocol;                      
2) concerning a possible study on non-respondents. 
The fundamental principles of medical ethics were taken into account when 
planning the study, including respect for the patient’s autonomy, a minimum 
of burden to the patient, and balancing of the risks, costs and benefits of 
medical action (143). All persons were asked for written informed consent, 
and their possibility of withdrawal from participation at any time during the 
study was underlined. Study participation did not imply any harm to the 
participant except for possible psychological strain in answering the 
questionnaires. Since the study included deceased persons, permission to 
extract data from their medical records and from the Cause of Death Registry 
 47
was necessary. In such cases an exception from professional secrecy was 
granted at the Department of Health and Social Affairs (from April 2008: the 
Norwegian Directorate of Health). The Data Inspectorate accepted the 
methods used for conducting the study including storing the data. 
Non-respondents 
Respondents are spokesmen for the target population. The response rate is 
important in judging the representativeness of the study sample. Since it has 
been indicated that persons with more severe conditions may be less likely to 
participate in population surveys, an application to undertake a so-called 
‘non-respondent study’ on 58 persons with traumatic SCI was sent to the 
Department of Health and Social Affairs and to the Regional Committee for 
Medical and Health Research Ethics. The Department of Health and Social 
Affairs demanded an agreement by each non-respondent to the use of any
data from their medical records. The existing Norwegian regulations, 
intended to protect the privacy of the individual, demand consent of each 
individual, both respondents and non-respondents, to use of any data from 
their medical records. The Regional Committee for Medical and Health 
Research Ethics in Oslo had, on the other hand, no objections to a collection 
of selected demographic and injury-related data from medical records, even 
without an agreement from the persons in question. 
Studies of non-respondents are debatable in the light of ethical aspects (143). 
However, it has been argued that at a minimum, differences in age and gender 
between non-respondents and respondents should be given (144).
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4. RESULTS (SUMMARY OF MAIN FINDINGS) 
After the exclusion process (Fig. 2, page 36), 321 men and 66 women were 
included in the study (Table II). According to available knowledge, the 
included sample represents roughly 25-40 % of all persons who sustained a 
traumatic SCI in 1961-1982 in Norway (14;18).  
Table II. Characteristics of persons with traumatic spinal cord injury (SCI)   
               included in studies I-III
Characteristics 
Study I 
Total population
(n = 387) 
Study I 
Deceased 
(n = 142) 
Study II-III 
Participants 
(n = 165) 
Men/women (n) 321/66 121/21 135/30 
Age at injury (median years) 
(range) 
27.9 
(3-82) 
52.3 
(15-82) 
21.4 
(3-55) 
Cause of injury ( % )    
   Sports 11 4 16 
   Assaults 4 2 5 
   Transport 46 37 53 
   Fall 32 49 19 
   Others 7 8 7 
   Unknown 1 1 1 
Accident at work ( % ) 19 22 17 
Level of injury ( % )    
  Tetraplegia 47 63 36 
  Paraplegia 53 37 64 
Frankel classification ( % )    
   A 47 38 52 
   B 6 4 7 
   C 13 13 13 
   D 32 43 25 
   E 2 2 2 
Complication(s) during initial 
rehabilitation ( % ) 58 55 56 
Associated injury(ies) ( % ) 52 55 53 
a Occurrence of medical 
condition(s) and/or trauma(s) 
prior to SCI ( % ) 20 31 9 
History of pre-injury alcohol or 
substance abuse ( % ) 6 10 2 
Time period of injury  
1961-1975/1976-1982 ( % ) 51/49 54/46 49/51 
a Chronic conditions or severe traumas noted in each patient’s medical record were 
included. 
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During the observation period up to 31 December 2002, 142 persons (37 %) 
died, and these deceased persons formed the basis of the study on mortality 
and causes of death (study I). Another eight persons emigrated from Norway. 
For the study on long-term survivors (studies II and III), the 237 persons who 
were still alive were asked to participate. A total of 179 persons (76 %) 
agreed to do so. However, for different reasons another 14 persons were 
unable to join the study. 
4.1. ‘Mortality after spinal cord injury in Norway’ - (paper I) 
This cross-sectional study of mortality in the 387 patients who sustained 
traumatic SCI in 1961-1982 showed that 121 men and 21 women (37 %) died 
during the observation period. The standard mortality rates were 1.8 in men 
and 4.9 in women, 2.4 in tetraplegic men and 7.6 in tetraplegic women, 1.3 in 
paraplegic men and 3.3 in paraplegic women. Risk indicators for death were 
as follows: higher age at injury, tetraplegia versus paraplegia, functionally 
complete SCI (Frankel scores A-C) versus functionally incomplete lesions 
(Frankel scores D-E), pre-injury cardiovascular disease, pre-injury psychiatric 
diagnosis, and pre-injury alcohol or substance abuse.  
The most frequent causes of death were pneumonia/influenza (16 %), 
ischaemic heart diseases (13 %), and urogenital diseases (13 %). In the study 
population cause-specific SMRs were most markedly elevated for urogenital 
diseases, but were also increased for suicide, pneumonia/influenza, urogenital 
cancer (in men), and diseases of the digestive system (in men).  
4.2. ‘Health-related quality of life in persons with long-standing 
spinal cord injury’ – (paper II) 
Study II is a cross-sectional study in which health-related quality of life was 
assessed in persons with long-standing SCI. One hundred and sixty-two (132 
men and 30 women) out of 165 persons who had sustained their injury more 
than 20 years previously completed the SF-36 questionnaire. The SF-36 
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results were compared with Norwegian norm data (n = 5,152) adjusted for 
age and gender. The persons with SCI showed decreased HRQOL concerning 
all domains as compared with the normal population, and the differences were 
significant regarding the subscales Physical Functioning, Bodily Pain, 
General Health, and Vitality, with effect sizes from medium to large. 
Relatively small differences in HRQOL were found between subgroups 
(within the SCI sample) based on gender, age, length of time since injury, 
marital status, region of residence, paraplegia versus tetraplegia, and AIS A-C 
versus D-E. Employed persons reported higher HRQOL than unemployed 
persons in four subscales (PF, RP, BP, SF), with medium to small effect 
sizes. HRQOL was lower in persons reporting health problems (79 %) than in 
those reporting no health problems at all, with medium to large effect sizes in 
six domains (RP, BP, GH, VT, SF, and MH). ‘Main health problems’ were 
merged into five groups according to those most frequently reported, namely 
pain, urogenital problems, ‘my disability’, musculoskeletal problems, and 
others. In addition the group ‘no health concerns’ was established. Pain was 
the most common ‘main health problem’ in the studied sample, and persons 
rating pain as their ‘main health problem’ reported significantly impaired 
HRQOL in five domains (RP, BP, VT, SF, RE) as compared to those who did 
not report pain as their ‘main health problem’. 
4.3. ‘Employment of persons with spinal cord lesions injured 
more than 20 years ago’ - (paper III) 
A total of 165 (135 men and 30 women) out of 237 persons with SCI of more 
than 20 years’ duration, participated in a study with focus on post-injury 
employment. The design was cross-sectional with use of retrospective data.  
  Sixty-five per cent (n = 107) of the participants obtained 
gainfully employment at some point in time after the injury. The odds (odds 
ratio) of obtaining work were higher in persons of younger age at injury, in 
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men than in women, in persons with paraplegia than in those with tetraplegia, 
and in persons classified as Frankel D-E compared with those with a more 
severe SCI. Only 58 (35 %) of the participants still had work at the time of 
the survey (2003-2004); 31 (53 %) full-time, 25 (43 %) part-time, two (3 %) 
unknown. Three persons retired with a pension on the basis of age. Persons 
who obtained post-injury work but subsequently stopped working 
prematurely (n = 46) had a mean age of 43 years at the time of withdrawal. 
Factors associated with a shorter time between injury and discontinuation of 
employment were higher age at injury, occurrence of injury after 1975 versus 
before, and a history of pre-injury medical condition(s). Life satisfaction was 
significantly better in currently employed participants as judged by the 
domains ‘life as a whole’, ‘vocational situation’, and ‘financial situation’.  
4.4. ‘Return to work following spinal cord injury: a review’ - 
(paper IV) 
The studies included in the review confirmed mostly low employment rates 
after SCI in the respective countries. Among persons who were working at 
the time of the SCI, it was reported that 21-67 % returned to paid work after 
the injury, but few seemed to return to their pre-injury job. In studies 
including both persons who were employed and persons who were not 
employed at the time of the injury, it was found that the proportions with 
gainfully employment ranged from 11.5 % to 74 %. The interval between the 
injury and the RTW can be relatively long, and the employment rates improve 
with years after injury. It was concluded from the review that return to work 
is more likely in persons injured at a younger age. Those who sustain SCI 
during childhood or adolescence seem to have higher adult employment rates 
than do persons with adult-onset SCI. Further, the less severe the injuries or 
the higher the functional independence, the higher the employment rates.  
Persons with SCI who are not working report lower overall satisfaction and 
lower satisfaction with job opportunities and income compared with 
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employed persons. However, it was documented that many unemployed 
persons thought they were capable of working. Employment is associated 
with a higher level of activity, fewer depressive symptoms, fewer medical 
treatments and better overall adjustment.  
Factors found to influence employment, barriers to work, and reasons for 
unemployment in persons with SCI were problems with transportation, health 
and physical limitations, lack of work experience, lack of education or 
training, physical or architectural barriers, perceived discrimination by 
employers, and loss of acquired benefits. Persons with SCI discontinue 
working at a younger age. Different interventions to help people obtain and/or 
maintain employment after injury have been developed, such as special RTW 
programmes, and tailored ‘Supported Employment’. Unemployment in 
persons with SCI leads to significant costs, and improvement of the RTW 
rates would imply a significant reduction in expenditure for disability benefits 
and insurance funds. 
Employment statistics are lacking for persons with SCI in less wealthy 
countries, and the high general unemployment rates, poverty and cultural 
differences make their situation very difficult.   
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5. GENERAL DISCUSSION 
The discussion section of this thesis will focus on the following issues: 
• First, aspects of the methods used in studies I-III will be considered, 
including the design, the material, the outcome measures, including 
questionnaires, and the statistical procedures. Possible sources of bias, as 
well as strengths, will be elucidated.  
• Second, there will be a discussion on the methods used in the review                                
      (study IV).  
• Third, the main results from all studies will be discussed. 
5.1. Methodological considerations  
Study design 
We chose to make an observational study of survival and mortality after SCI 
as well as of selected outcomes of persons living with SCI for more than 20 
years. In view of the above-mentioned study intentions (pages 33 and 34), the 
choice of a cross-sectional design with inclusion of retrospective data seemed 
to be the most suitable way of obtaining the information needed for this 
survey. With this design, it was possible to gather a relatively large amount of 
information with moderate resources (118). The access to retrospective data 
from medical records made it possible to investigate associations between 
possible risk indicators and outcomes such as mortality and employment. 
However, the choices of potential predictors were then restricted to those 
listed in the medical records (predominantly of a socio-demographic and 
injury-related nature). It is also important to be aware of the possible 
inaccuracy of retrospective data as a source of bias (118). It is unlikely that all 
data noted in the medical records are complete and correct.  
A weakness worth mentioning is the possible lack of stability of outcomes in 
cross-sectional studies compared with longitudinal studies (118). Since the 
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collection of data referred to a certain time (one occasion), dynamic processes 
and changes will be difficult to illustrate.   
In paper II, the term ‘follow-up’ has been used. This investigation did not 
have a ‘follow-up’ design, but it may be discussed whether or not the study 
design has something in common with a so-called ‘follow-up’ study: the 
persons included were all injured at a certain point in time in their lives 
(giving rise to the initial medical records studied retrospectively) and 
’followed-up’ at another point in time more than 20 years later (cross-
sectional data: dates of death, causes of death, questionnaires and interviews). 
In the strict sense of the term, a ‘follow-up’ study is of a prospective nature 
intended to follow-up individuals to see what happens. A prospectively 
designed study would have offered opportunities of securing the quality of all 
the collected data and of controlling all data recording, for example. On the 
other hand, such an investigation would probably have a very long duration 
and be very expensive (118).  
An advantage of our study design is the use of both postal questionnaires and 
a subsequent individual interview and clinical examination. This meant that 
the possibility that questions were misunderstood or interpreted differently, 
was reduced. However, the reliability of the answers at a face-to-face 
interview depends on openness and honesty (145;146). The same applies to 
persons who need help to fill in the postal questionnaire.            
The roles of order and mode of questionnaires have been discussed in the 
sense of a so-called ‘order effect’ (147;148). In this study, ‘SCI specific 
questions’ (i.e. prevalence data on associated conditions and secondary 
conditions, see epilogue on page 84) were first introduced during the face-to-
face interview, followed by an open-ended question on ‘main health 
problem(s)’, and next the SF-36. It is possible, therefore, that the 
answers/results on ‘main health problem(s)’ and HRQOL were negatively 
influenced by detailed questions about SCI-related problems. 
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To study causal associations is a challenge and needs great care when 
interpreting results from cross-sectional data. It is difficult to draw clear 
inferences concerning causality (118). For example, in study II, it is 
impossible to conclude that being unemployed causes reduced HRQOL, since 
the fact might be that poor health leads to unemployment and also that poor 
health causes an HRQOL reduction. A similar problem for discussion is seen 
in study III regarding the level of life satisfaction as compared between 
persons employed and those who are not employed.  
Observational studies are linked with a number of possible biases, such as 
selection bias and confounding, and those in question are discussed below 
(149). On the other hand, this cross-sectional study was strengthened by the 
addition of retrospective data, the comparisons with normative data, and by 
using statistical procedures such as multiple regression analyses (commented 
on on page 63). 
The material; validity; possible biases  
The selected sample and the sample size are of importance concerning the 
external validity of the study: 
There is no central SCI register in Norway covering persons injured 1961-
1982. For practical considerations, the study group was therefore restricted 
only to persons admitted to SunRH. We roughly estimated that the population 
enrolled constituted about 25 % of all persons who suffered SCI in 1961-1975 
and 40 % of those injured in 1976-1982 in Norway (14;18). However, there is 
little information on the methods used for selection of patients for 
rehabilitation at SunRH in the 1960s and the early 1970s, and the question 
whether the studied population is representative of the total Norwegian spinal 
cord injured population is therefore debatable. We have reasons to believe 
that persons experiencing grave initial medical complications in addition to 
the SCI at that time, were to a large extent treated in local hospitals. Further, 
persons with few neurological deficits probably received rehabilitation at 
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local institutions or at physiotherapy outpatient clinics. Thus, the studied 
individuals injured during the early period bring selection effect to the study 
results. This effect would probably lead to: 1) an underestimation of SMRs, if 
more severe cases with a higher risk of mortality were to a lower degree 
admitted to SunRH prior to 1975. The calculated SMRs based on persons 
injured after 1975 were higher compared with the SMRs calculated for 
persons injured earlier, even though improvements in the management of 
traumatic SCI over time were likely. At the same time, however, there was a 
continuous increase in longevity in the general population, which of course 
also influences the calculations of SMRs. 2) False positive results, for 
example for employment and HRQOL, may possibly have been obtained 
concerning persons still alive, if persons injured during the early period had 
better basic conditions than the SCI population at large. 
The results may also be biased by the inclusion of 24 persons who were 
admitted to SunRH more than one year following injury. It seemed more 
advantageous, however, to include these persons than not to do so.  
From a methodological point of view, the study was strengthened by the 
inclusion of persons who had survived at least one year post-injury, to avoid 
considerations of transient short-term effects on survival and the effects of the 
high mortality rates seen during the first months. Further, it seems to be 
advantageous that all participants (studies II and III) were at least 20 years 
post-injury; i.e. strengthening the generalizability to persons with traumatic 
SCI of long duration.     
Volunteer bias may have influenced the results of studies II and III (118). The 
response rate of 76 % is relatively satisfactory, however. But, people who do 
not respond are a potential source of bias to estimates such as HRQOL, 
employment rates, life satisfaction, perceived health problems, and so on. 
Persons with more severe conditions may be less likely to participate in 
surveys. Thus, it is possible that those with a more severe impairment and/or 
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living a long distance from the hospital might not consider study participation 
feasible. Another aspect, which has been discussed to only a lesser degree in 
studies on SCI is the fact that persons occupied with work and social 
activities may be too busy to participate. This ‘theory’ is based on assertions 
given by some of the non-respondents in the current study. The comparisons 
between 35 (60 %) of the non-respondents and the study participants are show 
in papers II and III (demographic, employment and injury-related data).  
  
The conceptual understanding of the definition of the term ‘employed’ 
(‘employment’) needs to be discussed. We defined ‘employed’ as having paid 
work. A clear definition is important, especially when comparing the results 
with those of others, as some authors, for example, include students and/or 
homemakers in the ‘employed’ group, while others do not (see paper IV and 
also Table IV at pages 76 and 77). Further, it is important to be aware of the 
composition of defined subgroups within the study sample when interpreting 
the results: In study III, a relatively large proportion of those categorised as 
‘not employed’ at the time of the injury were students aged 17-22 years. 
When looking at our unpublished data, it is clear that a substantial proportion 
of those who were students at the time of the injury obtained post-injury work 
at some point in time. It is likely that being a student at the time of injury 
offers better opportunities regarding the future working career, and indeed the 
young age also influences the situation favourably. Since the present study 
was carried out more than 20 years after the injury, the students had had 
enough time to begin work. The variable ‘employment status’ did not predict 
post-injury employment as seen in other studies (150), and the above-
mentioned aspects may explain why. 
In conclusion, the above-mentioned discussion indicates that the external 
validity of this investigation, and thus the generalizability of the results, to 
some degree might be affected. However, the study population was relatively 
large and there was almost a complete identification of all the persons in 
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question with the benefit of the national Central Population Register. Thus, 
we assume to have covered the majority of persons with traumatic SCI 
admitted to SunRH in 1961-1982. Another advantage is the fact that the 
National Health Service (National Insurance Scheme) allows all citizens to 
receive the necessary health care (subsidised) and the Patients´ Rights Act 
gives everyone equal access to health care. Thus, this Norwegian study on 
spinal cord injured persons probably reflects the national SCI population 
better (as in other comparable Scandinavian studies) than in many other 
countries. 
Outcome measures 
Aspects of the use of data from the Cause of Death Register (study I), as well 
as of the use of specific instruments in studies II-III will be discussed below.      
    
Data from the Cause of Death Register 
Causes of death in all persons in question were obtained from the Cause of 
Death Register, and also a complete set of their death certificates. This is an 
advantage to study I. Nevertheless, the most difficult part of the current 
investigation was the study and reporting of causes of death, which gave rise 
to questions on the quality of data based on this register information. Our 
data, collected from the Cause of Death Register (i.e. the underlying cause of 
death), included a number of deaths caused by ‘Unintentional injuries’. This 
surprising finding necessitated further investigation. From the death 
certificates it was clear that most of these ‘Unintentional injuries’ represented 
the injury which caused the SCI many years before death. Our recoding of 
causes of death listed as ‘Unintentional injuries’ as described on pages 37 and 
38, brings bias to the cause-specific SMR results since the actual number of 
these deaths was reduced, but the expected number was not altered (see the 
discussion in paper I). In a Danish study on mortality in SCI, the SMRs for 
‘accidents’ were low, as also seen in other studies on mortality after SCI (20). 
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DeVivo et al studied persons who sustained SCI in 1973-1984, and they 
found that 43 out of 854 deaths (SMR: 1.1) were caused by ‘Unintentional 
injuries’, and it seemed as if these injuries were subsequent to the SCI (59).  
The SF-36  
Different HRQOL instruments have been evaluated concerning their 
applicability in SCI populations, including the SF-36, and the importance of 
standardised instruments has also been emphasised (64;73;126).  
The choice of a generic instrument allows comparisons with the general 
population. The SF-36 has previously been shown to be valid and reliable 
(128;129), and it is suitable for comparisons across countries (151). Further, 
this questionnaire has been translated into Norwegian, and the Norwegian 
version has shown good evidence of construct validity (130). Since then, 
several reports on HRQOL assessed with the SF-36 in different samples have 
been published in Norway. Norm data based on relatively large samples are 
available, as from the Norwegian Survey Archive, Norwegian Social Data 
Services (117). The SF-36 has also been used in a number of studies on 
persons with SCI (see Table III, page 72). 
We decided not to use the summary scores PCS and MCS, because in samples 
with particularly low Physical Functioning scores, the MCS score will be 
highly inflated (see the discussion part in paper II) (71;72;125).  
One concern about the appropriateness of the SF-36 in studies on SCI 
populations and other severely disabled populations is the inclusion of 
questions that refer to walking or climbing stairs (significant ‘floor’ effects, 
i.e. lowest possible score, with the PF domain), and the fact that the use of 
mobility aids remains unaddressed (68;72;74). In recent years, SCI-specific 
HRQOL questionnaires have been developed (152-154). However, there is 
still relatively little information on these instruments. This thesis does not add 
further to this information or to the discussion of these instruments.  
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The Life Satisfaction Scale-11  
The LiSat-11 has been assessed concerning reliability and validity, and the 
results are satisfactory (107;133;155). This instrument has been used in 
previous research on people with disabilities, including persons with SCI, and 
it has been suggested that it may become one of the standard instruments on 
assessments for life satisfaction in SCI (136;156). The LiSat-11 has been used 
in Norwegian studies, for example in persons who have sustained multiple 
trauma and in persons with cerebral palsy (145;157). To my knowledge, there 
are no Norwegian norm data for LiSat-11, but for some comparisons we used 
results from a Swedish study that included normal population data (133).  
Questionnaire on employment 
The questionnaire on employment has some weaknesses. First of all, it is not 
a standard instrument tested for validity or reliability. Further, there is no 
documentation on its applicability. However, to assess the reproducibility of 
the questionnaire, it was answered twice by fourteen (9 %) respondents after a 
random selection. The results suggested that the reproducibility was good:         
83 % of the answers on the second occasion were in accordance with the 
initial answers. 
Perceived health problems  
Perceived health problems were recorded in a non-standard way by using an 
open-ended question.  
In the Norwegian language, the term ‘health’ is associated to a fairly large 
extent with the physical aspect (130), and it is therefore possible that mental 
health problems may have been under-reported by the participants. 
It is also worth mentioning that ‘health’ is defined differently by different 
individuals (63). Many persons with SCI distinguish between their disability 
and their ‘health’ and do not define the disability itself to be a health problem, 
whereas other do (63;66;68). As an example, ten percent (n = 16) of the 
participants reported ‘my disability’ to be their main health problem, and 
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other participants stated that they did not regard their disability as a ‘health 
problem’.   
Statistical considerations   
The studies I and III were strengthened by the use of multiple regression 
analyses: The Cox proportional hazards regression model is broadly 
applicable and the most widely used method of survival analysis (118).  
Cox proportional hazards regression analyses were also performed to evaluate 
factors influencing the number of years that had elapsed from injury to 
discontinuation of employment. In study III, a multiple logistic regression 
analysis was carried out to determine possible predictors of post-injury 
employment. By using the statistical procedures described above, the 
influence of confounders was minimised.  
It is common for survival curves to flatten out as events become less frequent, 
and an over-interpretation of the right-hand part of the curves should be 
avoided (studies I and III) (118). The Kaplan-Meier plot on survival of our 
SCI population in comparison with the general Norwegian population is 
probably of minor value. With the benefit of hindsight it is clear that we 
inexpediently compared a norm curve based on deaths in 2002 with a curve 
representing SCI deaths occurring during a 40-year period.   
In study I, we recoded causes of death concerning ‘Unintentional injuries’ in 
the studied SCI population (as described on pages 37, 38, and 60), and 
therefore the SMRs on ‘Unintentional injuries’ are biased (see paper I). 
Further, some of the SMRs in the present study were computed on the basis 
of small numbers of deaths, resulting in uncertain values. When only few 
people are exposed to the explanatory variable, or when only few individuals 
have a characteristic or condition, the estimates may be imprecise and 
accompanied by a wide confidence interval. The reader should be aware of 
the existence of such tendencies in subgroups within the studied sample 
throughout the studies I-III.  
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Several comparisons were made by means of t-tests (or Mann-Whitney test) 
for continuous data, and the Chi squared test (or Fisher`s exact test) for 
categorical outcome variables. Corrections for multiple testing were not found 
necessary, as the analyses were of a more exploratory nature (144). 
Effect size (study II) is considered to represent the clinical significance of a 
relationship, and strengthened the interpretation of the HRQOL results. A 
highly significant relationship may be uninteresting if its ES is small.   
Methodological considerations of the review study (study IV) 
It may be debated whether the review paper included in this thesis is 
‘systematic’ or not. According to the Cochrane handbook, a systematic 
review is characterised as follows: ‘A systematic review attempts to collate 
all empirical evidence that fits pre-specified eligibility criteria in order to 
answer a specific research question. It uses explicit, systematic methods that 
are selected with a view to minimizing bias, thus providing more reliable 
findings from which conclusions can be drawn and decisions made’ (113). 
  We sought to cover a broad part of the literature on RTW in persons 
with spinal cord injury. We endeavoured to present the different operational 
definitions of employment used, and to clarify the aims and main topic of 
each of the studies included, and their selected material (SCI population 
characteristics, duration of SCI, etc.) to make it possible for the reader to 
obtain as exact information as possible. A weakness of this review is the lack 
of an evident presentation of the evaluation of methods used for each 
publication included, as well as assessments on their validity. Further, the 
current review probably covers too many issues within the topic 
‘RTW’/’employment’ to meet the criteria for a systematic review (115). Thus, 
the approach to summing up the literature on ‘RTW in persons with SCI’ has 
much in common with a narrative review (115). However, the sources used 
were comprehensive and the search strategy was explicit. In our review paper, 
results from the studies included are presented both as quantitative summaries 
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with use of tables and, for some of the issues, in a more descriptive form.  
  Did the review paper cover all relevant employment information in the 
SCI field? Databases are incomplete, but by making searches in seven 
different databases we attempted to capture the greater part of the available 
employment literature in the SCI field. Nevertheless, it seems as if a few 
studies were not embraced. Probably the key words ‘participation’, ‘work’, 
and ‘integration/reintegration’ would have added some references.  
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5.2. General discussion of main results 
The most important achievement in this study is the identification of possibly 
preventable risk indicators for death such as certain medical conditions and 
risk behaviours, and also of common causes of death, in persons with chronic 
SCI. Through these results, it is possible to identify persons who run a higher 
risk of early mortality. We showed that the ratios of observed to expected 
deaths, the SMRs, were elevated in the studied SCI sample when this sample 
was compared with the general population, indicating that life expectancy is 
reduced in Norwegian persons with traumatic SCI. This information needs to 
be emphasised in order to maintain, or to put even more focus on preventive 
treatment to allow persons with SCI to achieve better longevity.  
In persons who were still alive more than 20 years after SCI in this 
Norwegian study, the outcomes found for HRQOL were mostly more positive 
than those reported from other studies, but were still lowered compared to 
norms; they were worse in persons who were not employed, and in those who 
reported health problems such as pain and urinary tract problems. A 
significant result of the current study was the associations of possibly 
preventable factors with early withdrawal from work. Both the statements by 
study participants on their working life, and the review of documentation on 
the employment situation in persons with SCI, revealed low employment rates 
after the injury and a multitude of challenges related to return to work.  
Survival 
Information on survival and long-term consequences after SCI in Norway is 
required for a multitude of purposes, including assessment of service planning 
and of life planning by the injured person. During the acute phase after the 
injury and the initial rehabilitation, patients and their relatives often have an 
excessively pessimistic view regarding life expectancy after SCI. It is 
important to give the patients accurate evidence-based information on this 
topic. Many researchers have focused on the short- to medium-term mortality 
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(i.e. from the time of injury to 10 years post-injury) (6). The term ´long-term 
survival´ is generally used to describe persons who have survived at least one 
or two year(s) after the injury (52;158).       
Approximately 90 % of the studied Norwegian population survived the first 
10 years with SCI, and 63 % were still alive more than 20 years after the 
injury. The proportion of deaths (37 %) was higher than was found in a 
comparable Danish study (27 %) (20). The highest SMRs were found for 
persons with tetraplegia, however we did not calculate SMRs according to the 
extent of the SCI, which would have been preferable. The mortality (SMR) 
was higher in women than in men, but it is important to note that the women 
constitute a smaller group and the result should therefore be interpreted with 
caution, as for all other small subgroups throughout this investigation. It 
should also be mentioned that the normal expectations of longevity are 
somewhat higher in Norwegian women than in men, and premature cases of 
death therefore influence the SMRs differently depending on gender. Other 
reasons for this gender difference were not found, including the SCI severity 
(level and extent of the SCI), injury aetiology, pre-injury medical conditions, 
or associated injuries additional to the SCI itself. In a recent Norwegian study 
by Hagen et al (20.8 % mortality within one year post-injury included), the 
same tendency towards an SMR difference between genders was found (19). 
From other studies it is reported that men are more likely to die early than 
women with SCI (2;49;53). On the other hand, comparison of SMRs across 
different countries is not an option, as the calculations are based upon 
expected death rates from the respective countries.  
As mentioned in the introduction (page 23), the existing literature has 
documented a decline in the first-year mortality rates after SCI, but since the 
1980s it seems that there has been little or no improvement either in annual 
mortality rates or in life expectancies after the second post-injury year 
(44;52;56;59). At the same time, Strauss et al refer to the improvement in life 
expectancies in the general population, and assert that the gap in life 
expectancies between persons with long-standing SCI and the general 
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population has not narrowed (52). Our comparison between persons injured in 
1961-1975 and in 1976-1982 did not show any improvement in survival 
either, and furthermore the SMR calculated for the later period was higher. 
The improved longevity in the general Norwegian population must be taken 
into consideration. These findings also bring up the question of possible 
selection bias, and an overestimation of survival, as discussed on page 58.  
   
Causes of death 
The distribution of causes of death found in the current investigation, are in 
accordance with those reported by many authors (2;20;159), and some of the 
actual cause-specific SMRs are supported by the recent findings by Hagen et 
al (19). We did not investigate changes of trends in causes of death or in 
cause-specific SMRs between time periods.  
The prevalence rates of causes of death provide indirect evidence of the 
importance of prevention and control of various diseases:        
Pneumonia/influenza was the leading underlying cause of death in the studied 
sample, in accordance with several other reports (2;20;49;59;61). Although 
pulmonary deaths are common in the general population (160), the calculated 
SMRs in the SCI sample were markedly elevated and confirmed that deaths 
from pneumonia/ influenza are approximately six to nine times higher in 
persons with such injury. This result is a significant reminder of the 
importance of all preventive measures concerning lung function in persons 
with spinal cord injury, including efforts to maintain or improve the vital 
capacity, better cough strength and assistance, prevent smoking and probably 
to consider pneumococcal vaccination and flu vaccination as recommended 
(161).  
Cardiovascular abnormalities have been well documented in persons with 
spinal cord lesions (162-164). The risk of developing a cardiac complication 
both in combination with high blood pressure (as in paraplegic persons) and 
without high blood pressure (as in tetraplegic persons) increases per year with 
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age in individuals with SCI (78). There have been indications of higher 
prevalence rates of CVD risk factors such as obesity, lipid disorders, 
metabolic syndrome, insulin resistance and diabetes in persons with SCI 
(165). Ischaemic heart disease was the second most common underlying 
cause of death in our sample, which also reflects the situation seen in other 
studies (2;20;45;49;59;61). On the other hand, the SMRs did not exceed 1.0, 
and hence deaths caused by ischaemic heart disease did not exceed those in 
the general Norwegian population. Nevertheless, the result indicates a 
challenging clinical issue, especially when considering that persons living 
with SCI are likely to grow into older age with an accompanying risk of an 
increase in CVD.   
International SCI literature has proven a trend towards a decrease in deaths 
caused by diseases of the urogenital system (8;49;60;61). This study showed 
that diseases of the urogenital system represented the most elevated cause-
specific SMRs in both women and men with spinal cord lesions. There is no 
previous report to indicate whether these results imply a tendency to 
improvement or not in the Norwegian SCI population. However, the high 
SMRs show that there is still room for improvement concerning deaths 
caused by diseases of the urogenital system in persons with SCI. Another 
important finding was the increased SMR for cancer in the urinary tract, 
which supports other reports on this topic (166;167). The above results 
indirectly suggest that a continuous focus on bladder management is of 
particular importance. 
Although the median age of the studied persons who committed suicide was 
somewhat lower than that of the other persons who died, it is important to 
note that the age at suicide ranged from 22 to 83 years in this group. One of 
these persons was registered as having a psychiatric disorder before the 
injury. No information on illness, psychological aspects, or quality of life 
during the years between the initial rehabilitation and death was available for 
analyses on risk indicators of deaths. Several studies on normal populations 
document that psychiatric disease is related to suicide (168-170). The present 
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cause-specific SMR results on suicide are in agreement with the findings in  
another Norwegian study (19). Concerning these high cause-specific SMRs, it 
is also important to consider the reports on international studies investigating 
the topic of suicide with the aim of learning more about possible risk 
indicators. Hartkopp et al highlighted their documentation on suicide in 
persons with a marginal SCI (Frankel E), and indicated that insufficient 
physical and social support combined with increased expectations regarding 
recovery in these persons might influence their burden of coping (62). Other 
authors have also shown an increase in suicide rates among persons with SCI 
(5;61;171;172).  
Factors associated with mortality     
Krause et al underlined the importance of more knowledge from 
epidemiological research in the SCI field, documenting the risks and 
protective factors in relation to early mortality (173;174). Research that 
identifies health and secondary conditions associated with death provides 
information contributing to a better understanding of factors related to 
premature mortality after SCI. Our results point to three types of possibly 
preventable or treatable factors in relation to mortality, namely impaired 
health (cardiovascular disease), risk behaviour (substance abuse or alcohol 
abuse), and psychological dysfunction (psychiatric disorders). A recent report 
on health and risk of mortality, emphasises the importance of interventions to 
allow early identification of, for example, depressive disorder (173). The 
authors identified the following health risk factors for mortality after SCI: 
pressure ulcers, urinary tract infections, amputations or fractures, and the 
development of a depressive disorder.  
Another study by Krause & Carter addressed the risk of early mortality and 
its relationship to environmental factors, and it was concluded that low 
income and poor social support are predictors of mortality after SCI (174). 
These findings indirectly elucidate another factor, namely the importance of 
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more support in obtaining and keeping employment as discussed in papers III 
and IV.  
Not surprisingly, higher age at injury, tetraplegia, and Frankel scores A-C 
emerged as significant risk indicators of death in our Cox proportional 
hazards regression analysis. Nevertheless, the proportion of persons classified 
as Frankel A-C was higher among the survivors, but Frankel class was highly 
correlated with age, which explains the results from the regression analysis. 
     
Persons surviving more than 20 years with SCI  
In comparison with deceased persons, those who survived more than 20 years 
with SCI were significantly younger and healthier at injury, more of them had 
a lower level of injury, and also a higher proportion sustained their SCI due to 
a transport accident. Unique contributions of this study to the existing 
literature are the results regarding outcomes on HRQOL in persons injured 
more than 20 years ago, their main health problems, and their employment 
situation.  
Health-related quality of life in our participants was decreased to varying 
extent in all domains compared with Norwegian norms. This broad impact 
across SF-36 domains highlights the need for multidisciplinary treatment of 
both physical and psychological aspects of SCI, although the greatest burden 
appears to be on physical aspects of health (72;73). However, when the SF-36 
results from study II are compared with the findings by others (Table III, page 
72), there is a clear indication that HRQOL is better in the Norwegian SCI 
sample than has been reported from other studies. The current results focus on 
persons injured more than 20 years ago, in contrast to many studies in which 
HRQOL is assessed in more heterogeneous SCI populations, when the length 
of time post-injury matters. Since the Norwegian sample only comprised 
persons injured more than 20 years previously, there is a possible effect of 
adaptation to their disability, and/or the effect of healthier persons analogous 
to survival effects (36;88;175).
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However, there are no comparable data on HRQOL in Norwegian persons 
with SCI of shorter duration to document improvements over time. Another 
possible explanation for the fairly good SF-36 results is the fact that Norway 
has one of the best standards of living in the world. When interpreting the 
results, it is also important to be aware of the possible selection bias, although 
this issue is probably applicable to other studies in the Table as well.  
Questions on limitations to physical functioning (RP) and limitations to 
emotional functioning (RE) address the situation in the last four weeks. 
Persons living with a disability for more than 20 years possibly perceive a 
higher grade of medical, physical and psychological stability, resulting in 
relatively high scores in these two domains.     
In 1995, Anke et al investigated pain and quality of life in a Norwegian 
sample with traumatic SCI within two years after injury, and concluded that 
pain causes emotional distress in addition to distress associated with that of 
the spinal cord injury itself (181). Recently, self-rated health and its 
relationship to secondary conditions in SCI were studied, and chronic pain 
was reported to be the most frequent significant problem, as also noted in 
other studies (80). The current study shows that a substantial proportion of 
individuals with SCI still have a high prevalence of health concerns many 
years after the injury, whereof pain and next urinary tract problems are the 
most frequently reported problems. Participants who assessed pain as their 
main health problem reported significantly decreased scores with six domains 
of the SF-36 compared with the others (study II), and significantly more 
unemployed persons reported pain as their main health concern (study III). 
We did not explore details on the type of SCI pain, or of its intensity or 
duration, but this has been dealt with in an extensive amount of literature (as 
recently reviewed by Dijkers et al), so the current finding just highlights pain 
as a significant problem even several years post-injury (182). 
The results showed a decrease in HRQOL (study II) and in life satisfaction 
(study III) in the 65% currently unemployed participants compared with those 
still at work, confirming previous reports on employment status and quality of 
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life in persons with SCI, showing that persons still at work are more satisfied 
than those who are not (36;94;95;105;134). However, it is important to 
mention that we did not gather information on their reasons for 
unemployment or withdrawal from work. It is possible that those who did not 
return to work after SCI or withdrew early from work, experienced more 
health problems, such as pain, and/or other barriers to employment; i.e. 
problems which in themselves might also affect the levels of HRQOL and life 
satisfaction. It is therefore difficult to draw a firm conclusion on causality. 
Study II clearly showed that persons who claimed to have no health problems 
reported markedly better HRQOL (with six subscales of the SF-36) compared 
to persons with perceived health problems.        
The employment situation in the Norwegian SCI sample compared to 
international employment data for persons with SCI, including review 
results:  
The results from study III were in accordance with our review results showing 
that the most successful RTW outcomes were seen in persons injured at a 
younger age, of male gender, and in those classified as having a less severe 
injury. A total of 65 % of the participants obtained work post-injury, but only  
35 % were still employed at the time of the study. In Table IV (pages 76 and 
77), the RTW rate in the Norwegian sample can be compared with rates from 
other recent studies (2006-2009), most of which were based on reports from 
persons with a shorter duration of SCI. The Table includes two qualitative 
reports. The studies listed in the Table also illustrate differences in the 
operational definitions of employment used and differences in study settings 
(103). Our results are based on reports of gainful employment at some time 
after injury and at the time of the survey, which means that there was a wide 
range of time in which the participants could have obtained work post-injury. 
As reported in paper IV, Krause & Coker showed in a longitudinal study in 
2006, that the percentage number returning to work after SCI increased 
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during the first 15 years post-injury (183). We did not obtain information on 
employment at different times post-injury, or on the time that it took to regain 
work. On the other hand, our results indicate that many persons withdrew 
from work at relatively young age, and thus confirmed the finding in the 
literature review of a tendency for persons with SCI to discontinue working at 
a younger age than non-disabled persons. Pflaum et al concluded that persons 
with SCI are far more likely to work than has been suggested in other US 
studies, but also that persons with SCI do have significantly shortened 
working lives (184). The authors listed several factors associated with being 
employed in any given year, including the employment status at injury. Other 
studies have demonstrated that education as well as pre-injury employment 
are among factors with a positive influence on RTW (184-192). Lack of work 
experience or lack of sufficient education or training was reported to be 
among the barriers to work in the reviewed papers (study IV). In our 
investigation, neither pre-injury employment status nor pre-injury occupation 
proved to be predictors of post-injury work. Some aspects of this topic have 
been discussed on page 59, where it is pointed out that both the chosen 
definition of ‘employment’ and the interval between the SCI and the time of 
the study must be taken into account when interpreting the results.  
Both medical and non-medical factors determine employment outcomes after 
SCI, as demonstrated in the review results on return to work after the injury 
(paper IV). In accordance with the existing literature, we found that age, 
gender, injury severity and neurological level were all predictors of obtaining 
work after injury. A surprising finding was the higher risk of early withdrawal 
from work in persons who sustained injury after 1975 compared to persons 
who sustained injury before 1975. However, the previous discussion on 
selection bias and also the fact that persons injured during the early period 
were younger at injury, might partly explain this result (in addition, see the 
discussion part of paper III).  
To return to pre-injury medical conditions: We also found that pre-injury 
diseases were associated with early withdrawal from work in our sample.
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Early attention to patients with co-morbidities needs to be highlighted, not 
just regarding the risk of mortality, but also in relation to their decreased 
HRQOL as described above, and to their excess challenges related to 
maintained employment. Moreover it is of interest that a recent investigation 
has addressed income and employment in relation to mortality (174). 
It has been shown that high disability benefits reduce the likelihood that the 
unemployed will secure work (184). The social welfare benefits and probably 
to some degree the level of unemployment in Norway, might have influenced 
the employment results in study III. The pattern of earlier withdrawals from 
work in participants injured in the later period is compatible with the 
incidence of disability pensions in national rates (see the elaborated 
discussion in paper III). Factors that might also have led to an increase in the 
number of people applying for a disability pension in recent years are possible 
changes in the rehabilitation programmes over time, with more focus on 
coping, and on daily occupations, as well as expectations of and attitudes 
towards persons with SCI.  
In the Scandinavian countries, disability benefits, social rights, societal 
resources, and the labour markets are related to some degree (197). It is 
therefore more suitable to compare our results (Table IV) with other 
Scandinavian reports than, for example, with US results. As supplementary 
information, Statistics Norway recorded that among disabled people in 
Norway in 2008, 48 % were gainfully employed, and the difference from the 
norm was smallest in the youngest persons (198).  
The review results (study III) illustrate that employment is an important 
outcome in studies on persons with spinal cord lesions, and a large number of 
articles include various information on RTW issues. There are still high 
unemployment rates today in persons with SCI in countries of all continents, 
and especially in less industrialised countries. Further, although there are 
several reports of barriers to returning to work after SCI, relatively little is 
known about what influences people’s own decisions about their employment 
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following this injury (194). The main challenges in attempts to increase the 
RTW rates are probably related to the information, obtained from the 
literature review, on self-reported barriers to employment such as 
transportation, health and physical limitations, lack of work experience, lack 
of sufficient education or training, physical or architectural barriers, 
discrimination by employers, and loss of benefits. Information on barriers to 
work and reasons for early withdrawal from work was not collected in the 
Norwegian study sample. However, the following statement by the 
Norwegian Association of Disabled highlights this topic:
‘Despite the fact that human rights and Norwegian law state that no one shall 
be discriminated regarding education or employment, the reality is different. 
Many disabled are excluded because of discriminatory attitudes, little 
flexibility and lack of facilitation’ (199). 
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6. CONCLUSIONS AND IMPLICATIONS 
This study is the first to confirm that life expectancy is reduced in Norwegian 
persons with chronic traumatic SCI, and it also enhances the insight into 
common causes and predictors of death. The findings affirm the importance 
of avoiding risk behaviours such as alcohol or substance abuse, as well as of 
paying more attention to medical conditions such as cardiovascular diseases 
and psychiatric diagnoses, in effort to increase longevity in persons with SCI. 
The results also indicate that common causes of death in Norwegians with 
traumatic SCI are mostly the same as are reported in the international SCI 
literature, namely pneumonia/influenza, ischaemic heart diseases, and 
urogenital diseases.  
It has been documented in the present study that Norwegian persons living 
with SCI for several years have decreased HRQOL compared to norm data. 
This suggests room for improvements, and the findings point out better pain 
management as well as greater attention to problems related to urinary tract 
function as possible targets for intervention. The most frequent health 
concerns reported by the studied persons with long-standing SCI were, in 
addition to pain and problems from the urinary tract, ‘my disability’, and 
musculoskeletal problems. Unemployment seems to be another factor 
associated with reports of impaired HRQOL, and thus more emphasis on 
removing barriers to work is another target for intervention.      
The study sheds light on some important aspects concerning employment 
after SCI, including risk indicators of unemployment after SCI, low 
employment rates, early retirement, and risk indicators of early withdrawal 
from work. Study participants who were still at work at the time of the study 
reported a higher level of life satisfaction than those who had withdrawn from 
work; although our findings do not indicate causality.  
According to the review, the employment situation after SCI has received 
much interest by reasons of the psychological, social, financial, and political 
implications. Employment has been linked to medical adjustment. However, 
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the premises for obtaining and maintaining work in persons with disabilities, 
such as SCI, vary between countries. An overall finding is that the RTW rates 
are low in persons with spinal cord lesions. Many authors have documented 
factors that have the potential to influence RTW and employment in 
individuals with SCI.  
In summary, this thesis enlightens some of the complexity involved 
concerning survival and other long-term consequences after SCI. Hopefully, 
the challenges described above will lead to improved health service and 
management programmes. The findings on risk indicators for death should 
serve as markers for increased risk of early mortality. Key issues in persons 
with spinal cord lesions include the role of prevention in promoting longevity, 
improving the prevention of medical complications and long-term 
consequences, and optimising treatment of perceived health problems, such as 
pain and urinary tract problems. The current results reflect the importance of 
structured long-term follow-up.    
     
Future research  
The present study has indicated the need for further investigations on a 
number of topics: Up-to-date knowledge on mortality after SCI is required for 
a multitude of purposes, including guidance of intervention strategies to 
promote greater longevity, life planning by the injured persons, and improved 
service planning. To explore recent trends in mortality and causes of deaths in 
persons with traumatic SCI, and expand the scope to include persons admitted 
for rehabilitation at all three national Spinal units in Norway, would be most 
valuable.  
Further research is also needed concerning employment outcomes at different 
times after SCI, perceived barriers to work, motivations for work, and reasons 
for withdrawal from work. More information on health conditions, including 
medical co-morbidities, in relation to employment in SCI is needed in the 
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search for causal connections. Few longitudinal studies of employment have 
been conducted in persons with SCI, and such studies are recommended to 
achieve a more complete picture of the employment situation in samples of 
individuals with SCI. Different interventions to help people obtain and/or 
maintain employment after injury should be further developed.
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Epilogue 
Supplementary to the issues elucidated in this thesis, it is appropriate to 
inform the reader of the following: The participants (n = 165) also answered 
several questionnaires that have not yet been statistically analysed, and thus 
are not included in this thesis. These questionnaires are the Sense of 
Coherence Scale, Fatigue Questionnaire, Fatigue Severity Scale, The Hospital 
Anxiety and Depression Scale, our own constructed items on personal 
assistance and orthopaedic/technical aids, and prevalence data on medical 
complications and use of medication. A medical status inquiry including 
blood-sample analyses was carried out.  
In hindsight, it seems clear that the above-mentioned data collection was very 
broad, and a more incisive plan for the study would have been favourable. 
Data on these topics were collected, but they are not included as a part of this 
thesis. However, the future plan is to analyse these data and to present the 
results.  
In addition to the collected, quantitative data presented and discussed in this 
thesis, I want to underline that my personal meetings with each spinal cord 
injured individual, and the stories of their lives that they shared with me, 
made strong impressions on me. Despite lack of some information that could 
have been presented in addition to that given in this thesis, I hope that the 
participants are comfortable with the selected findings and the conclusions 
presented.  
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Objectives: To study mortality, cause of death and risk indica-
tors for death in Norwegian patients with spinal cord injury. 
Design: A cross-sectional study with retrospective data. 
Subjects: All patients (n=387) with traumatic spinal cord 
injury admitted to Sunnaas Rehabilitation Hospital, Norway, 
during the period 1961–82. 
Methods: Medical records were reviewed retrospectively. 
Causes of death were collected from Statistics Norway and 
death certificates. Standardized mortality ratios (SMRs) 
were calculated for the entire sample and for causes of death. 
To explore risk indicators for death, a Cox regression model 
was used. 
Results: During the observation period, 1961–2002, 142 pa-
tients died. The main causes of death were pneumonia/influ-
enza (16%), ischaemic heart diseases (13%) and urogenital 
diseases (13%). SMR was 1.8 for men and 4.9 for women. 
Cause-specific SMRs were markedly elevated for urogenital 
diseases, suicide, pneumonia/influenza, urogenital cancer, 
and diseases of the digestive system. Risk indicators for dea-
th were: higher age at injury, tetraplegia, functionally com-
plete spinal cord injury, pre-injury cardiovascular disease, 
alcohol or substance abuse and psychiatric diagnosis. 
Conclusion: The SMRs show that life expectancy is reduced 
in chronic spinal cord injury in Norway, more for women 
than for men. Cause-specific SMRs and risk indicators sug-
gest that the high mortality rates after spinal cord injury 
to a certain degree are related to preventable aetiologies. To 
maximize longevity in chronic spinal cord injury, more at-
tention must be paid to co-morbidity. 
Key words: spinal cord injury, mortality, causes of death, 
epidemiology, risk indicators.
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INTRODUCTION
Causes of death in spinal cord injury (SCI) have changed, from 
being primarily urinary tract disease (1–5) to, increasingly, 
cardiovascular disease (CVD) (mainly ischaemic heart disease) 
(1, 3, 6–10) and respiratory complications (1, 3, 6–8, 10–14), 
thus becoming similar to the causes of death in the general 
population. Improved early medical care, specialized rehabi-
litation and regular follow-up visits have contributed to this 
development. However, the longevity of persons with SCI still 
remains below that of the general population (1, 2, 4–9, 15–19). 
Several analyses on mortality have found that important risk 
indicators for death in this group include the neurological level 
of injury (1–3, 7, 12, 15–17, 19–21), completeness of the SCI 
(1–4, 7, 15, 17, 19–22), older age at injury (1–3, 9, 12, 15–17, 
19–21) and the risk of death is highest during the first year(s) 
post-injury (1, 15–17, 19). 
There is a lack of previous studies on mortality of SCI in 
Norway. However, the social welfare system, covering all 
people in society, makes it possible to perform such studies. 
The aims of the present study were to compare survival in 
persons with SCI with survival in the general population, 
causes of death, and to explore predictors of eventual early 
death in SCI. 
METHODS
Material
A total of 396 persons with traumatic SCI were admitted to Sunnaas 
Rehabilitation Hospital between 1961 and 1982 inclusive. According 
to the annual incidence of traumatic SCI in Norway, the sample 
represents approximately 25–30% of all new cases of SCI from this 
period. The patient selection to Sunnaas was not 100% from specific 
areas of Norway in any year. The main proportion of persons enroll-
ed, were resident in eastern or southern areas of Norway (i.e. 68% 
of the total sample). However, patients from all areas of the country 
are represented. 
Four patients who died within one year post-injury were excluded. 
One patient was omitted due to lack of vital data, and another 4 patients 
could not be identified. The remaining 387 persons (321 men and 66 
women) survived at least one year following injury and were included 
in this retrospective study. All subjects were at least 20 years post-
injury when the study was performed. Dates of death were registered 
until 31 December 2002.
Data collection
Information on the vital status of the observed population was obtain-
ed from The Central Population Register of Norway. This register 
contains vital data for all Norwegian citizens, including date of birth, 
residence and date of death. A personal 11-digit number makes it 
possible to identify any Norwegian citizen. The survival status of 8 
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persons who emigrated from Norway could not be determined. These 
subjects were censored at their last known date alive. Vital data for 
the general population from the study period was obtained from 
Statistics Norway.
The “underlying cause of death” is used in the international cause 
of death statistics. To determine the causes of death we collected in-
formation from 2 sources: (i) the Cause of Death Register, Statistics 
Norway; (ii) death certificates. Information on the underlying cause 
of death used in the Cause of Death Register is based primarily on 
medical death certificates (23, 24). The underlying cause of death gives 
more prominence to the external cause of the injury-producing event 
(19), i.e. in many cases the injuries that caused the SCIs, rather than 
to the direct/immediate causes of death. For this reason, we decided 
to recode the cases where the injury that caused the SCI was listed 
as the underlying cause of death. In these situations, we extracted 
information from the death certificates as follows: We coded the next 
cause listed in the death certificate as the underlying cause of death, 
instead of the original cause noted in the Cause of Death Register. 
Only in the cases of new accidents, i.e. new events subsequent to the 
SCI, were “Unintentional injuries” (ICD-9 E800–E949) recorded as 
the underlying cause of death. In addition, the underlying causes of 
death in Norwegian men and women through the years 1961 to 2002 
inclusive were obtained from the Cause of Death Register (23, 25, 
26). ICD-9 (International Classification of Diseases – 9th Edition 
Clinical Modification) was used to classify diseases causing death. 
Deaths classified according to ICD-7, ICD-8 and ICD-10 revisions 
were translated to ICD-9.
Information extracted from each patients’ medical record included 
demographic data, occupational status, prevalence of pre-injury medi-
cal conditions, date of admission and discharge from the rehabilitation 
hospital, injury-related data including associated injuries caused by 
the accident, neurological level of injury (grouped into tetraplegia, i.e. 
cervical spinal cord lesions, or paraplegia, i.e. thoracic and lumbar- 
sacral lesions), Frankel classification (merged into 2 groups, i.e. 
Frankel A–C and D–E) (27) and post-injury secondary medical com-
plications. Occupational classification was determined by a modified 
version of the Erikson Goldthorpe Portocarero social class scheme 
(28, 29) and included 10 categories. Retired persons were classified 
according to their former occupation. Persons younger than 16 years 
were excluded from analysis that included occupational classification. 
Pre-injury medical diseases were categorized into 6 groups according 
to the most frequent diagnoses. 
The material was dichotomized into 2 incidence groups according 
to the time of injury, i.e. 1961–75 or 1976–82. This was done because 
the SCI-rehabilitation gradually became organized as a specialized unit 
with multidisciplinary teams from the early to mid-1970s. 
The study was approved by The Regional Ethics Committee, Oslo, 
Norway.
Statistical analysis
Descriptive statistics were generated, including medians, percentages 
and frequencies in order to emphasize the actual numbers. The t-test 
and the Mann-Whitney U test were performed where appropriate. χ2 
methods were applied to compare categorical variables. Standardized 
mortality ratios (SMRs) were computed for gender, tetraplegia/para-
plegia and 2 incidence periods (1961–75 and 1976–82). SMR is the 
actual mortality in the observed population divided by the expected 
mortality in the general population occurring during the specified time 
interval of the study. If the SMR exceeds 1.0, the mortality rate in the 
study population was larger than expected. An estimated SMR of 2.0 
indicates that twice as many deaths occurred in the study population. 
Accordingly, SMRs for selected causes of death were calculated. The 
expected numbers of deaths were estimated using age-gender-specific 
rates for the selected diagnoses. 
Risk indicators and relative risk estimates associated with death were 
estimated by means of a Cox regression model. First, the relationship 
between each potential explanatory variable and the outcome variable 
of interest, i.e. the time interval from entry into the study (at the time of 
injury) until death or point censored, was examined. A criterion level 
of p<0.25 for inclusion in the final model was chosen. Next, a forward 
selection procedure was used to fit the adjusted model (30). 
Kaplan–Meier curves were used to visualize survival by age at 
death or censoring of the studied SCI population compared with the 
general population. Further, Kaplan–Meier curves were used to show 
time from injury until death or censoring for patients injured in the 
periods 1961–75 (n=198) and 1976–82 (n=189). A log-rank test was 
carried out to compare survival between the 2 incidence periods, and 
included all subjects. The algorithms in Statistical Packages for the 
Social Sciences (SPSS) version 11.5 were used in all calculations. p-
values less than 0.05 were considered statistically significant. 
RESULTS
Population
Table I presents the study population (n=387) divided into 
tetraplegia and paraplegia, respectively. Persons with tetraple-
gia were significantly older at injury and included more men. 
A higher proportion of functionally incomplete SCI appeared 
among persons with tetraplegia compared with persons with 
lower lesions. The aetiology was transport accidents in 46% 
of all cases, most frequently traffic injuries. Fall accidents 
and assaults were more common in persons with paraplegia, 
while sports accidents were seen more often in persons with 
tetraplegia. Frequent associated injuries were traumas of the 
head (25% of the total sample) and other bone fractures (23% 
Table I. Characteristics of all patients with traumatic spinal cord injury 
(SCI) included in the study, divided by the neurological level of lesion 
(tetraplegia/paraplegia)
Category
Tetraplegia
n=182
%
Paraplegia
n=205
%
Total
n=387
%
Men/women 88/12 78/22* 83/17
Age at injury (median years) 
(range)
31.4
(11–77)
25.3**
(3–82)
27.9
(3–82)
Cause of injury
Sports 18 5** 11
Assaults 1 6 4
Transport 47 45 46
Fall 28 36* 32
Others 6 8 7
Unknown 1 1 1
Working accident 19 19 19
Frankel classification
A 40 53* 47
B 8 4 6
C 8 17* 13
D 41 24** 32
E 2 2 2
Complications during initial 
rehabilitation
62 55 58
Associated injuries 42 61** 52
Prevalence of chronic medical 
conditions and/or traumas prior 
to SCIa
23 17 20
History of pre-injury alcohol or 
substance abuse
5 6 6
aAll chronic conditions or severe traumas noted in each patient’s 
medical journal, are included.
Differences between tetraplegia and paraplegia: *p<0.05; **p<0.001.
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of the total sample). The predominating secondary medical 
complications during initial rehabilitation were pressure ulcers 
(21% of the total sample), urinary tract complications, such as 
severe infections and calculi (21% of the total sample), and 
troublesome spasticity (14% of the total sample). Twenty-four 
patients were included more than one year after injury. The 
observation period from injury until 31 December 2002 was 
median 27 years (range 20–39 years). Comparisons of persons 
injured during the period 1961–75 (n=198) vs those injured 
during the period 1976–82 (n=189) were made, but no signi-
ficant differences were observed. The subjects injured prior 
to 1976 represented a smaller proportion (i.e. approximately 
20%) of the total number of new SCIs in the period 1961–75 
than the studied persons injured in the period 1976–82 (i.e. 
approximately 40% of the total number of new cases injured 
in the period 1976–82). 
Deceased
During the observation period 121 men and 21 women of the 
387 patients had died. Table II presents the study population 
divided by persons who died and persons who survived until 
31 December 2002. As expected, age at injury was higher in 
the deceased compared with the survivors. The deceased were 
more often injured in fall accidents, but transport or sports ac-
cidents were more frequent among the survivors. The group 
of persons who died comprised a higher proportion of persons 
with cervical level of injury and the neurological impairment 
was more commonly classified as Frankel D–E compared with 
the survivors. Regarding patients with tetraplegia, Frankel D, 
62% of these subjects had no bony injury. Analysis within the 
deceased showed no differences between persons with cervical 
SCI and those with lower lesions, nor between the patients 
injured in the first incidence period (n=76) vs those injured 
during the later one (n=66). 
Causes of death
The predominant underlying causes of death in our sample 
were respiratory disease (n=30, 21%), and in particular pneu-
monia/influenza (n=22, 16%); ischaemic heart disease (n=18, 
13%); urogenital diseases (n=18, 13%); cancer (n=17, 12%); 
and suicide (n=9, 6%). There were no noticeable differences 
in the causes of death between persons with tetraplegia and 
those with paraplegia.
Sixty percent of all respiratory deaths were found in in-
dividuals classified as Frankel D, most of them (77%) had a 
tetraplegia. The causes of injury were fall accidents in 50% of 
the cases. The median age at injury in those who died because 
of respiratory illness was 61 years (range 17–75 years) and 
at death 70 years (range 26–94 years). In contrast, subjects 
who died from suicide were 40 years at injury (range 15–62 
years) and at death 46 years (range 22–83 years). However, 
calculations of the median age at death will change, as well as 
the frequency of the causes of death, as the survivors will also 
die in the future. In persons who died because of ischaemic 
heart disease, 11% had a history of pre-injury CVD. In the de-
ceased classified as Frankel grade A–C, the organ system most 
frequently implicated in death was the urinary tract system. 
Seventeen of all patients died from neoplasm; i.e. lung cancer 
(n=4), cancer in the urinary tract (n=5; 4 bladder cancer, 1 
kidney cancer), prostate cancer (n=3), abdominal cancer (n=3; 
inclusive, one rectum cancer), cancer in the oral cavity (n=1) 
and cancer of the uterus (n=1).
Survival 
Fig. 1 illustrates survival in the study population divided into 
2 groups, i.e. persons injured during the period 1961–75 and 
those injured during the period 1976–82. The log-rank test 
showed no improvement in survival times for those injured 
after 1 January 1976 (p=0.67). 
Fig. 2 illustrates age at death or censoring in the study po-
pulation as well as a control curve of the age at death for the 
general population.
Standardized mortality ratios 
The SMR values are presented in Table III. The ratios were 
higher for women than for men. The SMR values were also 
higher for persons injured during the period 1976–82 than for 
those injured before 1976. 
The cause-specific SMRs (Table IV) demonstrate the high 
prevalence of various causes of death in persons with SCI. 
Table II. Characteristics of persons with traumatic spinal cord injury 
(SCI) included in the study compared by survivors and deceased
Category
Survivors
n=245
%
Deceased
n=142
%
Men/women 82/18 85/15
Age at injury (median years) (range) 21.6 (3–58) 52.3* (15–82)
Cause of injury
Sports 15 4**
Assaults 5 2
Transport 51 37*
Fall 23 49**
Others 6 8
Unknown 1 1
Working accident 18 22
Level of injury
Tetraplegia 38 63**
Paraplegia 62 37
Frankel classification
A 52 38*
B 7 4
C 13 13
D 25 43**
E 2 2
Complications during initial 
rehabilitation
62 55
Associated injuries 51 55
Prevalence of chronic medical conditions 
and/or traumas prior to SCIa
14 31**
History of pre-injury alcohol or 
substance abuse
3 10*
aAll chronic conditions or severe traumas noted in each patient’s 
medical journal are included.
Differences between survivors and deceased: *p<0.05; **p<0.001.
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Risk indicators for death 
The univariate analyses showed that age at injury, marital 
status at injury, pre-injury occupational classification, place 
of residence according to 5 regions of Norway, living alone 
at the time of injury, injury aetiology, neurological level of 
injury, Frankel classification, pre-injury psychiatric diagnosis, 
pre-injury CVD, pre-injury respiratory disease, and pre-injury 
alcohol or substance abuse, were significantly related to the 
time interval from injury until death or time censored (p<0.25). 
These factors were included in the multiple Cox regression 
analysis and the final results are shown in Table V. Significant 
indicators for death were higher age at injury, cervical level 
of injury, functionally complete SCI, pre-injury presence of 
CVD, pre-injury presence of psychiatric disease and a history 
of alcohol or substance abuse before the SCI. 
DISCUSSION
The study shows elevated overall SMRs in persons with chronic 
SCI, especially in women. We also found elevated cause-speci-
fic SMRs for urogenital diseases, pneumonia/influenza, suicide, 
diseases of the digestive system, and urogenital cancer. Further-
more, we showed that age at injury, level and extent of the SCI, 
and pre-injury medical conditions were predictors of mortality. 
Table III. Standardized mortality ratios (SMRs) for men and women 
with spinal cord injury (SCI) and incidence period
Category
Men Women
SMR (95% CI) SMR (95% CI)
All SCI (n = 387) 1.8 (1.5 – 2.2) 4.9 (3.0–7.5)
Tetraplegia (n = 182) 2.4 (1.9 – 3.0) 7.6 (3.9–13.3)
Paraplegia (n = 205) 1.3 (0.9 – 1.8) 3.3 (1.5–6.3)
Date of injury between 
1961 and 1975 1.5 (1.1 – 1.9) 4.7 (2.3–8.5)
Date of injury between 
1976 and 1982 3.6 (2.7 – 4.6) 5.5 (2.6–10.2)
CI: Confidence Interval.
Table IV. Standardized mortality ratios (SMRs) for men and women for 
various causes of death
SMR (95% CI)
(n = actual number of deaths) 
Cause of death (ICD-9) Men Women 
Septicaemia  
(038)
6.9 (0.0–39.5)
(n = 1)
–
Pulmonary cancers  
(162)
1.0 (0.2–2.9)
(n = 3)
5.9 (0.0–34.2)
(n = 1)
Urogenital cancers  
(188–189)
4.4 (1.4–10.4)
(n = 5)
–
Neoplasms*  
(140–239)
0.9 (0.5–1.5)
(n = 14)
1.4 (0.3–4.1)
(n = 3)
Ischaemic heart disease  
(410–414)
0.9 (0.5–1.5)
(n = 18)
–
Cerebrovascular disease  
(430–438)
0.8 (0.2–1.8)
(n = 5)
–
Other vascular disease  
(440–450)
0.7 (0.0–3.8)
(n = 1)
5.3 (0.0–30.2)
(n = 1)
Respiratory disease  
(460–478) (490–519)
2.7 (0.9–5.9)
(n = 6)
8.9 (0.9–33.1)
(n=2)
Pneumonia and influenza  
(480–487)
5.6 (3.2–9.1)
(n = 16)
8.7 (3.1–18.9)
(n = 6)
Diseases of the digestive  
organs (520– 579)
3.8 (1.5–7.8)
(n = 7)
–
Diseases of the urogenital  
system (580–599)
21.9 (12.2–36.3)
(n = 15)
23.4 (4.4–69.1)
(n = 3)
Unintentional injuries  
(E800–E949)
1.6 (0.6–3.5)
(n = 6)
–
Suicide  
(E950– E959)
4.7 (1.9–9.7)
(n = 7)
19.2 (1.8–70.5)
(n = 2)
*All cancers, including pulmonary and urogenital cancers.  
CI: confidence interval
Fig.1. Survival of traumatic spinal cord injured admitted to Sunnaas 
Rehabilitation hospital in 1961–1975 and 1976–1982.
Fig. 2. Illustration of age at death or age at censoring of all persons (n=387) 
with traumatic spinal cord injury admitted to Sunnaas Rehabilitation 
Hospital 1961-82. The curve above/at right illustrates the age at death in 
the normal population.
J Rehabil Med 39
149Mortality after spinal cord injury
The dominating underlying causes of death in the study 
population were pneumonia/influenza, CVD, genitourinary 
conditions, cancer and suicide. Several other studies have 
documented a high frequency of respiratory cause of death 
in chronic SCI; more commonly in persons with complete 
SCI compared with those with incomplete lesions (1, 10, 14). 
In our material, the highest percentage of respiratory death 
was found in individuals classified as Frankel D, although 
it is notable that their age at injury and at death were fairly 
high. The fact that respiratory diseases are frequent causes of 
death in the elderly general population should also be taken 
into consideration (31). Furthermore, many of these subjects 
probably had a central cord syndrome, which also may affect 
respiratory function. 
Cigarette smoking is a major risk factor for respiratory di-
sease and CVD, and previous studies have suggested a higher 
proportion of smokers among persons with SCI compared with 
the general population (32). Garshick et al. (33) showed that 
current smokers at study entry had an increase in mortality 
of 4% per cigarette smoked per day compared with never 
smokers, in chronic SCI. Our investigation did not include 
data on cigarette smoking among the studied individuals. 
Since respiratory disease and CVD were found to be the most 
common causes of death in our study, information on cigarette 
smoking would be of value. 
It is well known that persons with SCI are exposed to 
potential risk factors associated with CVD (34), and several 
studies have found that deaths due to CVD are frequent in this 
population (1, 2, 4–10, 14). CVD (ICD-9 codes 390–450), 
predominantly ischaemic heart disease, accounted in total for 
23% of the deaths in our investigation. An important finding 
was the significant association between the presence of pre-
injury CVD and premature death in the study population. 
Furthermore, the Cox regression also revealed that the presence 
of pre-injury psychiatric disease as well as pre-injury alcohol 
or substance abuse were significant predictors for death. Thus, 
paying attention to co-morbidity and treatable factors must be 
more emphasized. Garshick et al. (33) recently assessed that 
diabetes, heart disease, lower levels of pulmonary function, and 
current or recent smoking were risk factors for death. Krause et 
al. (22) identified that hospitalization within the 2 years before 
data collection was associated with mortality, and concluded 
that greater attention needs to be given to medical secondary 
conditions that precede mortality. 
Hartkopp et al. (6, 35) documented a high suicide rate in 
individuals with Frankel grade E lesions. Their results show-
ed frequent previous psychiatric diagnoses in individuals 
who committed suicide. In the current study, 4 persons who 
committed suicide were classified as Frankel grade A and 5 
as Frankel grade D. Psychiatric problems pre-injury were re-
gistered in one person only. Information on illness during the 
period after initial rehabilitation until death was not available. 
It is well known from studies in the general population that 
a major proportion of individuals committing suicide suffer 
from psychiatric illness, above all depression (36, 37). The 
frequency of suicide in the current study is somewhat lower 
(6.4% of all deaths) than shown by Hartkopp et al. (6, 35) 
(9.8%). Yet, the calculated SMRs demonstrate that suicide is a 
serious problem in the SCI population. Our results emphasize 
that more attention is needed to detect psychological malad-
justment in persons with SCI. 
Bombardier et al. (38) concluded that a history of problem 
drinking may be a risk for poorer rehabilitation progress in 
patients with SCI. We observed that persons with a history of 
pre-injury alcohol or substance abuse were at increased risk of 
premature death. Special attention, including more intensive 
follow-up of this group, is necessary to detect and prevent 
illness and thus improve their survival probability. Heighten-
ed awareness among rehabilitation staff is needed to reveal 
alcohol or substance abuse in persons with SCI. 
The overall SMRs were higher in women than in men in this 
study, and the difference seems to be larger than in previous 
chronic SCI mortality studies (6). In consistency with previous 
studies, older age at injury as well as level and extent of SCI 
were associated with mortality. 
The calculated SMRs for cancer in the urinary tract system 
were markedly elevated (in men only), and support earlier 
observations on increased mortality due to bladder malignancy 
in persons with SCI (39, 40). The SMRs for septicaemia were 
not elevated in this study. Several other publications have do-
cumented high frequency and/or markedly elevated SMRs for 
septicaemia in persons with SCI (2, 6, 7, 10, 11, 14). Some of 
this discrepancy might be a result of different ways of coding 
causes of death. Septicaemia is usually coded as an immediate 
(direct) cause of death with either an underlying cause of 
respiratory infection, urinary infection or pressure ulcer, etc. 
From the information on the death certificates, we found that 
septicaemia frequently contributed to death, i.e. septicaemia 
was coded as the immediate cause of death. 
Table V. Risk indicators for death
Factors RR  95% CI p-value
Age at injury* 1.08 1.06–1.09 <0.001
Paraplegia (ref.) 1.00 – –
Tetraplegia 1.64 1.12–2.39 0.012
Frankel classes D–E (ref.) 1.00 – –
Frankel classes A–C 1.84 1.24–2.73 0.002
No cardiovascular disease  
pre-injury (ref.) 1.00 – –
Cardiovascular disease  
pre-injury present 2.80 1.22–6.40 0.015
No psychiatric diagnosis  
pre-injury (ref.) 1.00 – –
Psychiatric diagnosis  
pre-injury present 7.17 2.57–20.01 <0.001
No alcohol or substance  
abuse pre-injury present (ref.) 1.00 – –
Alcohol or substance abuse  
pre-injury present 2.21 1.24–3.93 0.007
*For each year of advancing age at injury, the relative risk (RR) of 
dying increased by 0.08. 
CI: confidence interval.
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The study was restricted by the selection of patients enrolled. 
Our data show that a relatively small proportion (approximately 
22%) of persons who sustained SCI in Norway were treated 
at Sunnaas in the 1960s and the early period of the 1970s, in 
contrast to the number of persons admitted to the hospital after 
1974/75 (approximately 45% of all new incidents in Norway). 
There is no reason to believe that the annual incidence of trau-
matic SCI was lower during the early period (41). Furthermore, 
there is lack of information on strategies concerning patient 
selection for rehabilitation at Sunnaas Rehabilitation Hospital 
prior to 1973, and also what happened to individuals with SCI 
who were not admitted to Sunnaas. We assume that a relatively 
high proportion of persons with higher grade of impairment, 
and/or older age at injury were sent to local hospitals for treat-
ment and subsequently to local nursing homes. Therefore, 
a possible bias is that survival is overestimated because the 
studied sample represents a more selected group concerning 
the incidences in the 1960s and the early 1970s. If the repre-
sentativeness had been better in the first incidence period, we 
believe that our findings concerning risk indicators for death 
would have shown even more explicit results, at least with 
regards to age at injury and level and extent of injury. 
The results may be biased because of the inclusion of 24 
persons who were enrolled in the study more than one year 
following injury. The survival is probably overestimated be-
cause deaths during the first year post-injury were excluded 
(10, 15, 17). 
Concerning the computed cause-specific SMRs, we ended up 
with some adjusted results. Since 32 cases of death were coded 
at the Cause of Death Register as deaths due to “Unintentional 
injuries” (ICD9 codes E800-E949), we decided to recode in 
those situations where the injury-producing event was listed 
as the underlying cause of death. Otherwise, the results would 
indicate high SMR values (i.e. SMR in men: 7.2, CI: 4.7–10.5; 
SMR in women: 13.8, CI: 4.4–32.4) concerning “Unintentional 
injuries” (in most cases representing the injury which caused 
the SCI), which did not seem justified. The SMRs presented 
(Table IV) are biased, since the actual number of deaths due to 
“unintentional injuries” was reduced, but the expected number 
was not altered and thus slightly overestimated in this model. 
These kinds of deaths (late effects of chronic injuries) are 
relatively rare in the general population. Some of the SMRs in 
this study were computed on basis of small numbers of deaths 
(Table IV), resulting in uncertain values. 
In conclusion, the overall SMRs confirm that mortality is 
high in persons with chronic SCI in Norway, especially in 
women. In addition to older age at injury and level and com-
pleteness of injury, this study shows that pre-injury medical 
conditions are risk indicators for death. The results highlight 
the importance of management of co-morbidity in persons 
with SCI. 
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